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(54) EXTRACORPOREAL CIRCULATION APPARATUS HAVING CONTROL FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
extracorporeal circulation apparatus which is simple and 
is automatically controllable and low-invasive and is 
simple in constitution. 

SOLUTION: The extracorporeal circulation apparatus 
which is arranged with prescribed elements within 
circuits to cause the extracorporeal circulation of blood 
has a blood pump 6, a blood reservoir 3 having a volume 
adjusting means for actively increasing and decreasing 
the volume to be stored and a volume detecting means 
for detecting the volume and a control means 39 which is 
supplied with the output of this volume detecting means, 
controls the volume of the blood reservoir and controls 
the flow rate of the blood pump with the volume adjusting 

means. The apparatus is so constituted that the adjustment of the circulation state in the 
circuits is made possible by controlling at least the volume adjusting means. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim ^Extracorporeal circulation equipment constituted so that it might have the following, a 
predetermined element might be arranged in a circuit which controls said capacity regulation 
means by said control means at least, and is characterized by constituting so that it may be 
possible to adjust a circulation state in a circuit by it and extracorporeal circulation of the blood 
might be carried out. 
A blood pump. 

A blood reservoir which has a capacity detection means for detecting a capacity regulation 
means for fluctuating capacity to store actively, and said capacity. 

A control means which controls a flow of said blood pump while an output of said capacity 
detection means is supplied and controlling capacity of said blood reservoir via said capacity 
regulation means. 

[Claim 2]The extracorporeal circulation equipment according to claim 1 which is provided with 
a circulation state detection means which detects a circulation state in a circuit and with which 
a control means adjusts a circulation state in said circuit according to an output which said 
circulation state detection means detected. 

[Claim 3]The extracorporeal circulation equipment according to claim 1 or 2 whose blood pump 
is a non-positive-displacement-design blood pump. 

[Claim 4]A blood reservoir has **** external housing for a blood chamber which stores blood, 
and its blood chamber, The extracorporeal circulation equipment according to any one of 
claims 1 to 3 which said blood chamber is a complete rebreathing system with which the 
indoor blood does not meet with the open air, and was constituted so that a capacity regulation 
means might adjust capacity by changing at least some outer walls of said blood chamber. 
[Claim 5] It has **** external housing for a blood chamber in which a blood reservoir stores 
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blood, pressure control chambers which adjust blood volume in said blood chamber which 
adjoined and provided in the blood chamber, and these two rooms, and the indoor blood of 
said blood chamber is a complete rebreathing system which does not meet with the open air. 
The extracorporeal circulation equipment according to any one of claims 1 to 3 constituted so 
that a capacity regulation means might adjust capacity by changing at least some outer walls 
of said blood chamber. 

[Claim 6]The extracorporeal circulation equipment according to claim 4 or 5 constituted so that 
a capacity detection means might detect blood volume of a blood chamber based on a 
deformed state of an outer wall of a blood chamber. 

[Claim 7]The extracorporeal circulation equipment according to any one of claims 4 to 6 with 
which at least a part of blood chamber was formed of a diaphragm which is a flexible septum. 
[Claim 8]The extracorporeal circulation equipment according to claim 7 which adjusts capacity 
of a blood chamber when a capacity regulation means has a pusher plate which consists of a 
hard board and the pusher plate presses or tows a septum. 

[Claim 9]The extracorporeal circulation equipment according to any one of claims 3 to 8 with 
which a non-positive displacement type pump is installed in a circuit only at the upstream of a 
blood reservoir. 

[Claim 10]The extracorporeal circulation equipment according to claim 2 whose circulation 
state detection means is the pressure sensor formed in an inflow part. 
[Claim 11]The extracorporeal circulation equipment according to claim 2 constituted so that a 
circulation state detection means might detect a circulation state based on an output of the 
consumed electric current and/or a power consumption monitor which were connected to a 
drive of a blood pump. 

[Claim 12]Claim 2 which has a circulation state estimation means by which a circulation state 
detection means presumes a living body's arterial pressure and/or an extracorporeal 
circulation blood flow rate based on data obtained from the inside of a circuit, extracorporeal 
circulation equipment given in either 10 or 11. 

[Claim 13]Claim 2 controlled to lower number of rotations of a blood pump, or to lower capacity 
of a blood reservoir when a blood removal part inhales a control means based on information 
acquired from a circulation state detection means, **** is detected and it is detected with this 
****, or extracorporeal circulation equipment given in either 10-12. 

[Claim 14]Claim 2 which has a means to set up a preset value which shows a range which 
serves as a critical value or a target about information acquired from a circulation state 
detection means, and a control means is based [ Claim 2 ] on comparison of said information 
and said preset value, and increases or decreases an extracorporeal circulation flow of blood, 
or extracorporeal circulation equipment given in either 10-13. 
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[Claim 15]At least by one side of operation which raises number of rotations of a blood pump, 
or lowers capacity of a blood reservoir, perform an increase in an extracorporeal circulation 
flow and reduction of said extracorporeal circulation flow, The extracorporeal circulation 
equipment according to claim 14 performed at least by one side of operation which lowers 
number of rotations of said pump, or raises capacity of said blood reservoir. 
[Claim 16]The extracorporeal circulation equipment according to any one of claims 1 to 15 
provided with a means to make a circulation system generate pulsatile flow by making number 
of rotations of a blood pump fluctuate periodically. 

[Claim 17]The extracorporeal circulation equipment according to any one of claims 1 to 16 
provided with a means to make a circulation system generate pulsatile flow thru/or vibration by 
making capacity of a blood reservoir fluctuate periodically. 

[Claim 18]The extracorporeal circulation equipment according to any one of claims 1 to 17 
which assembled a blood pump, a blood reservoir, an artificial lung, and a filter in one, and 
constituted them at least among elements arranged in a circuit. 

[Claim 19]The extracorporeal circulation equipment comprising according to any one of claims 
1 to 18: 

An aeration detection means to detect an aeration arranged at an inflow part of a circuit. 
A means to perform at least one side among generating of an alarm, and automatic stay of a 
pump when it operates according to an output of said aeration detection means and mixing of 
air into a circuit is detected. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]this invention was provided with the extracorporeal circulation equipment 
of blood, and the function which controls a circulation state especially -- simple -- low -- it is 
related with invasion extracorporeal circulation equipment. 
[0002] 

[Description of the Prior Art]ln the operation of the heart and a large artery, in order to change 
the heart temporarily into the state near a stop or a stop and to make the function of the heart 
and a lung take over with a machine, extracorporeal circulation equipment is used. The 
extracorporeal circulation equipment currently used conventionally is composition which was 
provided with the blood removal pipe 2, the blood reservoir 83, the heat exchanger 5, the main 
pump 86, the artificial lung 7, the filter 9, and the blood transfusion pipe 10, and has arranged 
those elements one by one all over blood circuits as main elements, as shown in drawing 8. 
[0003]The blood removal pipe 2 is inserted in the patient's 1 up-and-down vena cava and right 
atrium, and in order to take many flows, a thick thing is used as much as possible. As for the 
blood reservoir 83, many open sand molds with which blood touches air are used. 
By fall blood removal which used the fall of the blood reservoir 83 with the patient 1, blood 
flows through a blood removal pipe. 

Although it is a small number, the blood reservoir of the enclosed type with which blood does 
not touch air is also used, and there are some into which blood flows through a blood removal 
pipe by compulsive blood removal using a blood pump. In the blood reservoir of an open sand 
mold, since a risk of sending in air in a circuit will increase if the blood volume which stored 
liquid falls, there are some which emit an alarm, but what adjusts capacity actively is not 
known. The heat exchanger 5 is installed in a blood reservoir in many cases, carries out 
perfusion of the liquid (usually tap water) warmed thru/or cooled by metal tubes with the 
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heating-cooling equipment 4, and warms thru/or cools blood. A roller pump or a centrifugal 
pump is used and the main pump 86 is installed downstream from the blood reservoir. The 
example currently installed upstream of the blood reservoir does not have a main pump. The 
whole extracorporeal circulation equipment is large-sized, and needs to secure a large space 
compared with a general operation. It is not suitable for carrying for a large-sized machine, and 
is always installed in the space undergoing an operation. 

[0004]Operation of extracorporeal circulation equipment is performed by stationing the special 
staff for it. Although an extracorporeal circulation engineer takes on the duties, a medical 
practitioner may usually perform an extracorporeal circulation operator. Anyway, the special 
staff who acquired advanced technology is required. An extracorporeal circulation operator is 
located beside an operating table, does not join operation or is never located in a remote 
place. The extracorporeal circulation operator is performing adjustment of the capacity of a 
blood reservoir, or a pump flow rate by manual operation in consideration of the optimum 
extracorporeal circulation blood flow rate, looking at the grade of blood removal, and a living 
body's arterial pressure. Therefore, an extracorporeal circulation operator cannot separate 
from extracorporeal circulation equipment during extracorporeal circulation enforcement. 
[0005]By the way, in order to utilize a human and economical medical resource effectively, in 
the surgery field, the no-touch isolation technique is introduced positively. The no-touch 
isolation technique in a cardiovascular surgery field is called MICS (Minimally Invasive Cardiac 
Surgery; low invasion heart surgery). In MICS, in order to reduce invasion, median sternotomy 
covering an overall length is not performed, but skin incision is shortened as much as possible. 
Therefore, the view for exposing the heart is restricted. Therefore, the thin thing from which the 
blood removal pipe used for extracorporeal circulation equipment does not become the 
hindrance of a view is liked. 
[0006] 

[Problem to be solved by the invention]The main purposes of this invention are to provide the 
extracorporeal circulation equipment [ operation is easy and ] which can also automate 
operation, moreover -- low -- it is the important purpose that realizing the extracorporeal 
circulation equipment which makes invasion extracorporeal circulation possible also 
accompanies. The issue which this invention tends to solve is explained in full detail below. 
[0007]Conventionally [ <laborsaving and easy-operationality> ], when extracorporeal 
circulation was required in the heart and a large artery operation, the staff for operating 
extracorporeal circulation was required. And operation of extracorporeal circulation equipment 
requires the technology in which operation is complicated and advanced, and needs to be 
experienced. Therefore, this invention controls operation mechanically, its operation is easy 
and simple and an object of this invention is to provide the equipment which can be saved 
labor. 
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[0008]As side effects which <low invasiveness> extracorporeal circulation gives to a living 
body, inducement of dilution of blood, bleeding by a lot of anticoagulant administration, 
hemolysis by hematocrasia, or inflammation, the fall of the organ blood flow by an 
unphysiologic steady flow, etc. are mentioned. In order to decrease these side effects, the 
extracorporeal circulation equipment which can realize low invasiveness is desirable. On the 
other hand, since the blood removal pipe used by MICS etc. is thin, the suitable amount of 
blood removal may not be obtained. Therefore, an object of this invention is to provide the 
equipment which can secure the blood flow rate which flows through a circulation system, 
although low invasiveness is secured. 

[0009]<Safety> Since conventional extracorporeal circulation equipment is not fully equipped 
with the security apparatus, it depends for safety on the skill of the engineer who mainly 
operates extracorporeal circulation. Therefore, an object of this invention is to provide a 
hardware target or the equipment provided with the security apparatus by software. 
[0010]The extracorporeal circulation equipment of the <secured of miniaturization and 
portability> former is large-sized, and needs to secure a large space. Movement is difficult and 
it has interfered with elastic employment of equipment. Therefore, this invention aims at a 
miniaturization and a mobile improvement of a circulation system. 
[0011] 

[Means for solving problem]ln order to solve above-mentioned SUBJECT, the extracorporeal 
circulation equipment of this invention is provided with the following. 
It is the extracorporeal circulation equipment constituted so that a predetermined element 
might be arranged and extracorporeal circulation of the blood might be carried out into a 
circuit, and is a blood pump. 

The blood reservoir which has a capacity detection means for detecting the capacity regulation 
means and capacity for fluctuating the capacity to store actively. 

The control means for controlling the flow of a blood pump, while the output of a capacity 
detection means is supplied and controlling the capacity of a blood reservoir via a capacity 
regulation means. 

It is constituted so that it may be possible to control a capacity regulation means by a control 
means at least, and to adjust the circulation state in a circuit by it. According to this 
composition, according to being able for a blood reservoir to have a capacity regulation means 
and a capacity detection means, and to control that capacity, operation of equipment does not 
need an operator's advanced technology, but will become easy and simple. 
[001 2]lt has preferably a circulation state detection means which detects the circulation state in 
a circuit, and according to the output which the circulation state detection means detected, a 
control means constitutes so that the circulation state in a circuit may be adjusted. Thereby, 
automatic operation becomes easy. 



://www4ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.i... 10/13/2010 



JP,2000-000299,A [DETAILED DESCRIPTION] 



Page 4 of 18 



[0013]Let a blood pump be a non-positive-displacement-design blood pump preferably, a blood 
removal pipe sticks fast by using a non-positive-displacement-design blood pump -- etc. -- can 
prevent negative pressure excessive at the time of a trouble from occurring, and safety 
increases, and small -- low -- it is possible to build an invasion system. 
[0014]The blood chamber which stores blood for a blood reservoir, and its blood chamber are 
preferably considered as the composition which has **** external housing. Or the blood 
chamber which stores blood, the pressure control chambers which adjust the blood volume in 
the blood chamber adjoined and provided in the blood chamber, and these two rooms are 
considered as the composition which has **** external housing. In any case, a blood chamber 
makes it the complete rebreathing system with which the indoor blood does not meet with the 
open air. By making a blood reservoir into a complete rebreathing system, compulsive blood 
removal becomes easy from a viewpoint of safety compared with an open sand mold. 
Therefore, it is also easy to secure a large flow rate and to realize low invasiveness. It 
becomes easy [ a miniaturization ]. By changing at least some outer walls of a blood chamber, 
a capacity regulation means is constituted so that capacity may be adjusted. 
[0015]As for a capacity detection means, in these composition, it is preferred to constitute so 
that the blood volume of a blood chamber may be detected based on the deformed state of the 
outer wall of a blood chamber. Thereby, regulation of capacity and Measurement Division of 
capacity can be performed with easy composition. It is preferred to form at least a part of blood 
chamber with the diaphragm which is a flexible septum. While being able to perform capacity 
regulation and capacity detection with composition easily by pressing or towing a diaphragm 
with a gas or a liquid according to this composition, the form of a blood reservoir and the 
flexibility of a setting position are high. As for a capacity regulation means, when it has a 
pusher plate which consists of a hard board and the pusher plate presses or tows a septum, it 
is preferred to constitute so that the capacity of a blood chamber may be adjusted. Thereby, 
the mechanism for capacity regulation can be simplified and equipment can be manufactured 
inexpensive. 

[0016]A non-positive displacement type pump installs in a circuit preferably only at the 
upstream of a blood reservoir. According to this composition, it is easy, and the compulsive 
blood removal by negative pressure can make a blood removal pipe thin, and is advantageous 
to realization of low invasiveness. 

[001 7]lt constitutes from a pressure sensor in which the circulation state detection means was 
provided by the inflow part preferably. It constitutes so that a circulation state detection means 
may detect a circulation state based on the output of the consumed electric current and/or the 
power consumption monitor which were connected to the drive of a blood pump. A circulation 
state detection means has preferably a circulation state estimation means to presume a living 
body's arterial pressure and/or extracorporeal circulation blood flow rate, based on the data 
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obtained from the inside of a circuit. According to these composition, excessive negative 
pressure can be prevented from starting a blood removal pipe, a possibility of drawing air 
decreases, and safety increases. In composition of detecting a circulation state from the 
consumed electric current of a blood pump, etc., since a sensor is not needed, a system can 
be manufactured inexpensive. 

[0018]Preferably, a control means is controlled to lower the number of rotations of a blood 
pump, or to lower the capacity of a blood reservoir, when a blood removal part inhales based 
on the information acquired from a circulation state detection means, **** is detected and it is 
detected with this ****. It can be coped with easily for a blood removal part sticking fast by that 
cause, and inhales, **** can be prevented, and safety increases. 

[0019]Having a means to set up the preset value which shows the range which serves as a 
critical value or a target preferably about the information acquired from a circulation state 
detection means, a control means is based on comparison of the information concerned and 
preset value, and increases or decreases the extracorporeal circulation flow of blood. 
Preferably, at least by one side of the operation which raises the number of rotations of a blood 
pump, or lowers the capacity of a blood reservoir, perform the increase in an extracorporeal 
circulation flow and reduction of an extracorporeal circulation flow, It constitutes so that at least 
one side of the operation which lowers the number of rotations of a pump or raises the 
capacity of a blood reservoir may perform. Thereby, automatic operation of extracorporeal 
circulation becomes easy. 

[0020]lt has a means to make a circulation system generate pulsatile flow, by making the 
number of rotations of a blood pump fluctuate periodically, or making the capacity of a blood 
reservoir fluctuate periodically preferably. Thereby, suitable organ perfusion is obtained also in 
the patient who has complication, such as cerebrovascular disease and renal failure. 
[0021] Preferably, among the elements arranged in a circuit, at least, a blood pump, a blood 
reservoir, an artificial lung, and a filter are assembled in one, and are constituted. Thereby, 
portability increases. 

[0022]lt has an aeration detection means to detect preferably the aeration arranged at the 
inflow part of a circuit, and a means to perform at least one side among generating of an 
alarm, and automatic stay of a pump when it operates according to the output of an aeration 
detection means and mixing of the air into a circuit is detected. Thereby, the serious trouble of 
mixing in a circuit of air can be prevented, and safety increases. 
[0023] 

[Mode for carrying out the invention]Hereafter, with reference to Drawings, an outline is 
indicated about an embodiment of the invention. The extracorporeal circulation equipment in 
one embodiment of this invention is shown in drawing 1 . Although the same number was 
attached about the same component as the conventional example of drawing 8, the 
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arrangement is not necessarily the same as that of a conventional example. 
[0024JAII over the circuit from the blood removal pipe 2 to the blood transfusion pipe 10, the 
filter 9, the main pump 6, the artificial lung 7, and the blood reservoir 3 are arranged as main 
elements toward the lower stream from the upper stream (blood removal tubeside), and they 
are connected by the short tube one by one. The drive 38a and the motor for driving 38b are 
formed in the blood reservoir 3 and the main pump 6, respectively. The circuit internal pressure 
measurement port 37 which contains a ** sensor in the inflow part (the inflow part said by this 
invention refers to some blood circuits of the upstream from a main pump) of a circuit, and the 
ultrasonic flowmeter probe 31 are arranged. 39 is a controller which makes a control means 
and is connected with the blood reservoir 3, the main pump 6, the circuit internal pressure 
measurement port 37, and the ultrasonic flowmeter probe 31 by the wiring 40. 1 1 shows the 
flow of the blood in a circuit. 

[0025]The blood reservoir 3 has a capacity regulation means for fluctuating the capacity to 
store actively. The drive 38a makes a part of element of a capacity regulation means. Although 
not illustrated by drawing 1 , the blood reservoir 3 has a capacity detection means for detecting 
capacity. The circuit internal pressure measurement port 37 and the ultrasonic flowmeter probe 
31 are the means for detecting the circulation state in a circuit. 

[0026]The controller 39 controls the capacity and the main pump 6 of the blood reservoir 3 
according to the output of the circuit internal pressure measurement port 37 and the ultrasonic 
flowmeter probe 31. Since the controller 39 holds the reference value for control and performs 
control based on it, it has a set part for setting up a reference value. Although it is desirable 
that it is variable as for setting out of a reference value, it may be immobilization depending on 
the conditions of use. It is not indispensable that control by the controller 39 is automatically 
performed with the output of the circuit internal pressure measurement port 37 and the 
ultrasonic flowmeter probe 31 . Even if it is the composition of operating the controller 39 
manually, when the blood reservoir 3 has a capacity regulation means, it is because the main 
part of the effect of this invention is obtained. The main things of the above elements are 
explained in full detail below. 

[0027]The blood reservoir 3 and the <capacity adjustment blood reservoir 3 are provided with 
the following. 

The blood chamber 16 which puts in and collects blood as shown in drawing 2. 
The pressure control chamber 17 for adjusting the inner capacity of the blood chamber 16. 
Both ** 16 and 17 are divided by the existing flexible septum (diaphragm) 18. A communication 
trunk for 3a and 3b to connect with a circuit and 3c are the communication trunks for 
connecting the pressure control chamber 17 and a capacity adjustment (not shown). Although 
not illustrated to drawing 2, it has a capacity detection means which detects the stored blood 
volume. The blood reservoir 3 can adjust the amount of blood storage actively with a capacity 
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adjustment. The thing of various forms can be used as the blood reservoir 3 in this invention, 
and its capacity adjustment. It explains classifying them. 

[0028]The blood reservoir generally built into an extracorporeal circulation circuit has an open 
sand mold with which air touches blood, and an enclosed type which does not touch air. In 
conventional extracorporeal circulation equipment, the open sand mold reservoir is 
incorporated in many cases. However, in order to consider it as simple extracorporeal 
circulation equipment, the reservoir of the open sand mold which must always supervise the 
amount of blood storage of a reservoir is unsuitable. Therefore, in this invention, an enclosed 
type is preferred. The blood volume of a blood chamber is made to fluctuate actively, and there 
are a hydrostatic pressure type which adjusts blood volume, and a mechanical cable type 
which adjusts blood volume second by [ direct ] carrying out pressure towage of the blood 
chamber mechanically by carrying out pressure towage of the blood chamber via the first liquid 
or gas as a capacity adjustment for adjusting. 

[0029]ln the first hydrostatic pressure type, as shown in drawing 2 , two rooms, the blood 
chamber 16 which puts in blood, and the pressure control chamber 17 which wrap in the whole 
or a part of blood chamber and into which the gas and liquid for ****** are put, exist. The whole 
or some of container serves as elasticity, ** of the pressure control chamber 17 is reflected in 
the blood chamber 1 6 via the elasticity portion of the blood chamber 1 6, and, as for the blood 
chamber 16, the capacity of the blood chamber 16 is adjusted. Drawing 2 shows the blood 
reservoir which has the existing flexible septum (diaphragm) 18 also in a hydrostatic pressure 
type. 

[0030]A gas or a liquid may be sufficient as the medium of **. If the liquid had mobility, it is 
[ anything ] good. Although the degassing physiological saline from which it sterilized and 
dissolved gas was removed is preferred, the mere water which has not sterilized since blood is 
not touched directly may be sufficient. Fluids, such as a liquid and a gas, are sent into a 
pressure control chamber, and the blood reservoir capacity adjustment made to generate 
suitable ** may be separately installed via a tube, although including in a blood chamber is 
also possible. The whole system becomes compact when it incorporates. When it is made 
separate, the blood chamber itself becomes compact and its restriction of the setting position 
of a blood chamber decreases. 

[0031 ]A blood reservoir capacity adjustment is [ anything which may generate suitable ** ] 
good. When a medium is air, it is also possible to use the compressor which can adjust **. 
When a medium is a liquid, there are a system (capacity regulation system) which specifies 
capacity, such as a syringe and bellows, directly, and a system (pump fluid pressure control 
mode) which adjusts fluid pressure using a liquid-sending pump. 

[0032]The equipment of structure as shown in drawing 3 can be used for a capacity regulation 
system. The figure (a) shows the equipment which specifies the capacity of a pressure control 
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chamber using the piston 19. The pressure adjusted by the position of the piston 19 is 
transmitted to the pressure control chamber 17 via the communication trunk 19a. As for the 
Drawing (b), (c), and (d), capacity is respectively adjusted with the syringe 20, the bellows 21, 
and the pusher plate 22. It is respectively connected to the pressure control chamber 17 via 
the communication trunks 20a, 21a, and 22a like (a). The piston 19, the syringe 20, the 
bellows 21, and the pusher plate 22 are driven by a motor etc. 

[0033]ln a pump fluid pressure control mode, the capacity of a pressure control chamber is 
adjusted using the liquid-sending pump for blood reservoir capacity adjustments. The pump 
used here is [ anything ] applicable if liquid sending is possible. As performance called for, it is 
small and what is excellent in reliability and endurance, is excellent in a response, and can 
generate high ** regardless of the direction of liquid sending, and cost does not require is 
good. Specifically, a centrifugal pump, a mixed flow pump, a propeller pump, a friction pump, a 
gear pump, a roller pump, etc. are mentioned. The switching valve into which a centrifugal 
pump and a mixed flow pump change a direction since the direction of liquid sending is one 
way is needed. Drawing 4 (a) and (b) shows the example which used the roller pump 23 and 
the propeller pump 24, respectively. In a figure, 25 is a liquid-storage room for liquid sending. 
[0034]As the second mechanical cable type, composition as shown in drawing 5 can be used. 
In this case, a blood reservoir capacity adjustment becomes the structure coupled directly with 
the blood chamber. Drawing 5 (a) is the example which used the piston 12. The blood 
chamber 1 2c serves as a container variable in capacity by the position of the piston 12. 1 2a 
and 12b are the communication trunks for connecting with a circuit. The Drawing (b), (c), and 
(d) shows respectively the example in which capacity is adjusted with the syringe 13, the 
bellows 14, and the pusher plate 15. As a driving source, a motor, an electromagnet, etc. are 
used and capacity is adjusted by receiving a certain pressure towage. 

[0035]ln both the first mechanical cable type and the second hydrostatic pressure type, form of 
a blood chamber must be made into what has a few blood-flow **** part in order to improve 
anti-thrombus nature. It is thought that the direction of a hydrostatic pressure type has little 
restriction of the design of a blood chamber, and is superior to a mechanical cable type in anti- 
thrombus nature. On the other hand, since a mechanism is simple, and part mark also have 
them and it ends, a mechanical cable type can be manufactured inexpensive. [ few ] Although 
the target patient calls on an adult or a child, if the region of accommodation of blood chamber 
capacity is an adult, it is desirable for it to be able to adjust to 100 ml - 4000 ml. 
[0036]The thing of various forms can be used as composition of the capacity detection means 
which detects the capacity of a blood chamber. If a piston, a syringe, and bellows are used for 
a blood chamber, capacity is simply detectable with the displacement position of the axis of 
rotation of a drive motor. The capacity of a blood chamber is measurable also by the method of 
attaching capacity detection means, such as a hall sensor and an ultrasonic crystal, to a blood 
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chamber or a pressure control chamber, or sending weak current through a blood chamber 
and measuring impedance and conductance with a current potential plan. When the fluid is 
liquid in the case of a hydrostatic pressure type, even if it measures the capacity of the liquid 
discharged via the tube from the regulating chamber with a volume plan, the capacity of a 
blood chamber can be measured. Since the mensuration of the capacity of the discharged 
liquid has high flexibility, it can consider many methods, but it is good to measure weight with a 
weigher simply. The means for supplying detected information is required for the controller 39, 
and for that purpose, it constitutes so that a detection result may be outputted as an electrical 
signal, for example. 

[0037]lt is possible to include a heat exchanger in the blood reservoir in this invention. There 
are some methods incorporating a heat exchanger and the following is mentioned as an 
example. Warming of a living body and cooling are possible for blood ****** by installing the 
tube made with the construction material which was excellent in heat exchange ability in the 
blood chamber of a blood reservoir in the first place, and carrying out perfusion of the liquid 
warmed or cooled in the tube. Warming of a living body and cooling are possible for blood 
****** by warming or cooling a pusher plate in the mechanical reservoir which used the pusher 
plate for the second. If it limits only to warming, how to build a heater into a pusher plate will 
also be considered, and it will be a simple and effective method. Warming of a living body and 
cooling are possible for blood ****** by warming or cooling the liquid in a pressure control 
chamber with a hydraulic system reservoir to the third. It is an effective method, also in order to 
lose the **** part of blood, to think that anti-thrombus nature becomes high and to improve low 
invasiveness rather than installing a heat exchanger in a blood chamber. 
[0038]The <main pump 6>, next the main pump 6 are explained. Since the blood removal pipe 
used by MICS etc. is thin, the suitable amount of blood removal may not be obtained. 
Therefore, it is necessary to add the suitable negative pressure which is not excessive to blood 
removal. Since addition negative pressure has a limit in fall blood removal, the compulsive 
blood removal using a pump is preferred. In fall blood removal, in order to enlarge a fall, it is 
necessary to make an operating table high but, and in compulsive blood removal, the same 
operating table as the general operation of those other than the heart can be used, and it is 
effective on employment of an operating room. 

[0039]Generally, there are a positive-displacement design and a non-positive-displacement 
design in a liquid-sending pump. The roller pump mostly used to extracorporeal circulation 
equipment is classified into a positive displacement pump, the problem at the time of using a 
positive displacement pump for the main pump of extracorporeal circulation equipment, and 
moreover installing in the upper stream from a blood reservoir sticks to a blood removal pipe -- 
etc. -- when the obstacle of a circuit arises, it is that excessive negative pressure occurs in the 
inflow part of a pump. Excessive negative pressure may damage the body tissue of a blood 
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removal part, and may cause serious troubles, such as drawing in into the circuit of air. for this 
reason -- sticking fast as a kind of main pump installed in the upper stream from a blood 
reservoir -- etc. -- the non-positive displacement type pump which excessive negative pressure 
did not occur at even if it produced, but was excellent in accommodativeness is preferred. The 
typical things of a non-positive displacement type pump are turbo-pumps, such as a centrifugal 
pump, a mixed flow pump, and a propeller pump. Although these all can be used for this 
invention, since the propeller pump needs to make number of rotations very high in order to 
generate high **, if hemolysis and endurance are taken into consideration, it is not desirable 
selection. Therefore, a centrifugal pump and a mixed flow pump are preferred. 
[0040]Control of a circulation state by the controller 39 in <the controller 39 and a circulation 
state detection means>, next the extracorporeal circulation equipment of this invention is 
explained. In order to make operation of extracorporeal circulation equipment simple and to 
Automatic Control Division-ize it most preferably, control by a computer is required. It is also 
effective in control to consider and combine some methods. 

[0041]the 1st method is based on ** -- it sticks fast and they are detection and prevention. That 
is, if monitor the inlet pressure of a circuit, it inhales from a pressure wave form, **** is 
detected and inhaled and **** appears, control which lowers the number of rotations of a pump 
or lowers the capacity of a blood reservoir will be performed. Reflecting venous pressure, if ** 
of an inflow part is normal, it serves as a steady flow which does not almost have pulse 
pressure. However, if a blood removal pipe sucks up and **** arises, disorder of the unusual 
pressure wave form characterized by the rapid fall of ** will arise. This serves as increase of 
pulse pressure, increase of a pressure change (increase of the absolute value of********), and 
change of ************ 9 and appears. The ** sensor of the pressure measuring port 37 which 
constitutes a circulation state detection means detects this, and the information acquired by it 
is transmitted to the controller 39 which is a control means. The computer is built into the 
controller 39, and using the information acquired from the ** sensor, the main pump 6 and/or a 
blood reservoir are adjusted so that blood may flow through the inside of extracorporeal 
circulation equipment favorably. 

[0042]lf the 2nd method sets up the lower limit value of inlet pressure and it is less than a 
preset value, it will be the controlling method which lowers the number of rotations of a pump 
or lowers the capacity of a blood reservoir. Although a certain amount of [ a lower limit value ] 
negative pressure is unavoidable, since it becomes the origin of obstacles, such as cavitation 
generating of a main pump and drawing in into the circuit of unexpected air, negative pressure 
which is less than -lOOmmHg must be prevented. In order to measure the inlet pressure of a 
circuit as a circulation state detection means like the 1st method also in this case, the ** sensor 
37 shown in drawing 1 1 is used. It is required for the controller 39 to have a means to set up the 
lower limit value of inlet pressure. 
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[0043]The 3rd method will be the controlling method which lowers the number of rotations of a 
pump or lowers the capacity of a blood reservoir, if measure the consumed electric current or 
electric power of a blood pump, a blood removal part inhales from the waveform of the 
consumed electric current or electric power, **** is detected and inhaled and **** appears. 
Although this is fundamentally the same as the 1st method, in order to use the in-house data 
which the motor of a pump has, a special sensor is not needed, but it leads to reduction of 
cost. In this case, since the consumed electric current and power consumption of a drive 
(motor) which are driving the blood pump must be measured, a means to monitor the current 
or electric power of a motor of a pump is needed as a circulation state detection means. 
[0044]lf a living body's arterial pressure and extracorporeal circulation blood flow rate used as 
a target are set up and both this arterial pressure, this flow, or either is less than a preset 
value, the 4th method, If pump rotation frequency is raised, or the capacity of a blood reservoir 
is lowered and both this arterial pressure and this flow exceed a preset value, it will be the 
controlling method which lowers pump rotation frequency or raises the capacity of a blood 
reservoir. The arterial pressure and the extracorporeal circulation blood flow rate to set up 
must be determined according to a living body's individual difference or the condition of the 
technique and a living body, and cannot consider setting it as the same value in any situations. 
However, it is possible to decide target arterial pressure suitable for each case and an 
extracorporeal circulation blood flow rate to be beforehand, and it is not necessary to change a 
preset value frequently during extracorporeal circulation implementation. It is not especially 
limited which shall be given priority to and adjusted between pump rotation frequency and 
blood reservoir capacity, but it is both possible. 

[0045]Until it sets up the optimum upper limit (it is described as Arpm) of pump rotation 
frequency and exceeds Arpm as one desirable method, It controls towards giving priority to 
blood reservoir capacity, increasing capacity, and considering it as the maximum (full blood 
removal), and if it will be necessary to exceed Arpm in order to make a blood flow rate 
increase, how to reduce blood reservoir capacity without raising number of rotations can be 
considered. Administration of a pressure-up agent or vasodepressor is also required during 
extracorporeal circulation, and suitable treatment is needed suitably. If a living body's arterial 
pressure and extracorporeal circulation blood flow rate are measurable as a circulation state 
detection means provided in extracorporeal circulation equipment in the case of the 4th 
method, a pressure (blood) monitor line, a blood flow merer, etc. which it was not limited in 
particular, for example, were formed in blood circuits will be mentioned. 
[0046]Reduction of the fill ration of an extracorporeal circulation circuit is attained by 
simplifying a simplification of circuit and system> circuit and shortening a tube as much as 
possible. The reduction in a fill ration can be contributed to low invasiveness by suppressing 
generating of the edema by the hemodilution and reducing the necessity for blood transfusion 
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substantially. By assembling the circuit on the manufacture level beforehand, a labor required 
for an assembly is omitted and it is connected with human laborsaving and cost reduction. If 
the restoration in a circuit is also substituted for the manufacture level, preparation further 
before an operation is mitigable. Conventional extracorporeal circulation equipment is large- 
sized, and the large space needed to be secured, and since movement was difficult, it had 
interfered with elastic employment of equipment. In this invention, a circuit and a drive are 
designed compactly, it is possible to secure portability and these problems are also solved. 
[0047]ln the patient who has complication, such as <pulsation and oscillating additional- 
equipment cerebrovascular disease and renal failure, the validity of the extracorporeal 
circulation which has pulsatile flow is accepted. Therefore, also in this invention, it is effective 
to enable addition of pulsation and vibration, also in order to attain low invasion-ization. The 
following can be considered to the method of adding pulsation and vibration. It is the method of 
generating pulsatile flow, by making the number of rotations of a pump 1st fluctuate 
periodically. It is the method of generating pulsatile flow thru/or vibration, by making the 2nd 
fluctuate the capacity of a blood reservoir periodically. Especially the latter is the new method 
which employed efficiently the feature of the blood reservoir that capacity could be adjusted 
actively. It is also possible to use the 1st and the 2nd method together, and it is effective. 
[0048]Antithrombotic processing is performed to the blood contacting surface of a <anti- 
thrombus processing> circuit. In this invention, it is a complete rebreathing system which does 
not touch air, and in order to use the blood reservoir which improved anti-thrombus nature with 
few blood-flow **** parts, antithrombotic processing and the extracorporeal circulation in 
conjointly more few anticoagulants become possible. By the usual extracorporeal circulation, 
anticoagulants, such as heparin, are prescribed for the patient and, specifically, operation of 
the place which keeps activated coagulation time at 400 seconds or more is enabled in 250 
seconds from 200 seconds. As a result, bleeding decreases, and shortening of operation time, 
the fall of the necessity for blood transfusion, etc. are effective in order to improve the low 
invasiveness of extracorporeal circulation equipment. 

[0049]As an example is shown in <separation type navigational panel> drawing 8 , the 
separation type navigational panel 26 which can be installed in a field of operation is used, and 
operation required for control presupposes that it is possible from a field of operation. The 
necessity that this provides a special extracorporeal circulation operator decreases, and it 
leads to human laborsaving. The separation type navigational panel can consider what hung 
the transparent sterilization covering 27 on the touch-sensitive liquid crystal display, while it 
installs in the place which the way person's 28 (or the first assistant) hand reaches and the 
surveillance and control of extracorporeal circulation perform an operation using a sound or a 
sound -- **** -- a user interface which becomes possible is preferred. 
[0050]Operation of <remote control function> extracorporeal circulation will serve as 
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surveillance from remoteness controllable from hand control, if it automates more. If a concrete 
example is shown, data required for the surveillance and control of extracorporeal circulation 
will be put on a network by the standards (for example, combination of GPIB and TCP/IP, etc.) 
of a flexible measuring instrument and communication, and batch management will be carried 
out at an extracorporeal circulation central control room. Many pieces of extracorporeal 
circulation equipment is the effective methods of leading to human laborsaving in the large- 
scale hospital currently operated simultaneously. Since it becomes possible to record and save 
all the data, it is useful for scientific practical use. 

[0051 ]An aeration into a <aeration arrester in circuit> circuit is one of the serious troubles 
which arise during extracorporeal circulation operation. I hear that that it is a simple system 
has so high safety that it can be used simple, and there is. Some methods can be considered 
in the ways of coping to an aeration. A bubble detection function is given to the flow instrument 
the 1st, using an ultrasonic flowmeter as a flow instrument which monitors an extracorporeal 
circulation blood flow rate. If the probe 31 of an ultrasonic flowmeter is attached to the inflow 
part of a circuit and a bubble is detected as shown in drawing 1 , an alarm will be emitted 
promptly and it will be coped with. 

[0052]The filter 32 is installed in a circuit inflow part the 2nd. The filter 32 is installed in the 
highest place of a circuit, and it is made for air to accumulate. If the optical sensor 33 for 
detecting air for an example in the filter 32 as shown in drawing 7 is installed and air 
accumulates [ 3rd ], this will be detected, an alarm will be emitted promptly and a pump will be 
stopped. The port 34 for discharging air is installed in the upper tip of the filter 32, and the port 
34 is connected [ 4th ] to the suction circuit 35. Usually, this port 34 is intercepted by the 
breaker 36. If the filter 32 is covered with air, interception of a port will be canceled hand 
control or automatically promptly, and suction discharging of the air will be carried out outside. 
It is possible to combine the plurality of these methods or all, and it is effective. 30 in drawing 7 
shows the flow of blood. 

[0053]Some peripheral equipment is needed for <linkage with peripheral equipment 
extracorporeal circulation equipment by the technique. That is, they are the reservoir for a 
suction circuit and suction circuits, hemoconcentration equipment (cell SEBA, ultrafiltration 
equipment), a myocardium protection liquid circuit and an injector, a vent circuit, etc. In this 
invention, it is effective to aim at linkage with these pieces of equipment. 
[0054](Concrete embodiment) The more concrete embodiment which was suitable for below at 
it as an example of an operation which uses the extracorporeal circulation equipment of this 
invention on the assumption that the mitral valve operation under MICS is described. 
[0055]As shown in drawing 1 toward the lower stream (blood transfusion tubeside) from the 
upper stream (blood removal tubeside) of a composition of extracorporeal circulation 
equipment circuit, the filter 9, the pump 6, the artificial lung 7, and the blood reservoir 3 are 
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connected by a short tube one by one. These are compact and what has the few amount of 
filling liquid is preferred. If these are already assembled at the time of shipment, they are 
convenient. These are preferred, a compact thing and installing in the sterilization field of 
operation of an operation conjointly can also be sterilized and supplied, and it is effective. If it 
can install in a sterilization field of operation, the tube for connecting with a blood removal pipe 
or a blood transfusion pipe can be shortened further, and the whole amount of filling liquid can 
be lessened further. Capture and interception of the air which mixed the filter in the circuit with 
removal of the impurity are the purposes. In order to capture air, it installs in the highest 
position in all the circuits. 

[0056]Although its turbo-pump is preferred, if a pump is a small mixed flow pump, it is still more 
preferred. If sterilization with waterproofness is possible for the motor for driving a pump, it can 
be installed in a sterilization field of operation, and its handling is convenient. Or handling is 
still more convenient if it has sterilized by the same product made from disposal as a pump. A 
compact thing is preferred although anythings can use an artificial lung. Especially the thing 
that was excellent in gas exchange ability or haemocompatibility is preferred, and its 
membrane type is better than this point to an air-bubbles type. A blood reservoir measures 
mechanically the blood volume by which blood storage was carried out, and makes it what can 
be adjusted. Although various modes can be considered, an example is given about each of a 
mechanical cable type and a hydraulic system. 

[0057]A mechanical cable type uses a pusher plate. The blood chamber of a blood reservoir 
consists of hard housing and a flexible film. A blood reservoir drive serves as a motor for 
pressing and towing the hard pusher plate and pusher plate for pressing the flexible film of a 
blood chamber from a motor controller. The pusher plate must be what can press the flexible 
film of a blood reservoir uniformly. The load concerning a pusher plate becomes uniform and 
the direction in which the blood reservoir was installed so that a pusher plate might become 
level to a floor is preferred. It will warm, if it will be necessary to embed a heater and to raise a 
patient's body temperature into a PUSHA plate. Although the motor must have a means to 
change rotation into a straight-line motion, the linear motor which produces a straight-line 
motion from the start may be used. A motor controller mainly performs position control of a 
motor. Capacity Measurement Division of a blood chamber is performed by detecting the 
position of a motor. 

[0058]ln a fluid pressure type, a flexible septum (diaphragm) is put on the inside of a 
transparent hard plastic container, and two cavities, a blood chamber and a pressure control 
chamber, are provided. The pressure control chamber is connected to the liquid-storage room 
for liquid sending by the connection tube. The pressure control chamber, the liquid-storage 
room, and the connection tube are filled with the liquid for liquid sending (tap water is used). 
The roller pump is installed in the middle of the connection tube, by making for Masakata or an 
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opposite direction rotate a roller pump, the capacity of a pressure control chamber is adjusted 
and, as a result, the capacity of a blood chamber is adjusted. By a fluid pressure formula, what 
kind of angle may be sufficient as installation of a blood reservoir to a floor, and its flexibility of 
installation is high. It will warm, if it will be necessary to embed a heater and to raise a patient's 
body temperature into a pressure control chamber. As shown in drawing 1 , the circuit internal 
pressure measurement port 37 is established in an inflow part, and inflow part circuit internal 
pressure is monitored. An ultrasonic flowmeter (with bubble detection function) probe is 
attached to an inflow part. 

[0059]The function to make extracorporeal circulation equipment generate pulsatile flow is 
added. Powerful pulsation addition capability is obtained by taking a synchronization 
periodically and changing the number of rotations of the motor of a pump, and the capacity of a 
blood reservoir. Different consideration from conventional extracorporeal circulation equipment 
is required for the connection order foreword of extracorporeal circulation equipment each 
component of this invention. Since capture and interception of the air mixed in the circuit are 
the big purposes, a filter is installed in the style of Mogami. In negative pressure and the lower 
stream, the upper stream serves as positive pressure from the pump. Therefore, an artificial 
lung is put on the positive pressure side. If a blood reservoir is the above-mentioned 
mechanical cable type, it is more desirable to install it in the positive pressure side, although it 
can install in both negative pressure and positive pressure. If the inside of a blood chamber is 
positive pressure, it becomes unnecessary for the Reason to carry out forcible towage of the 
pusher plate, and to carry out adhesion fixing of between the flexible film of a blood reservoir, 
and pusher plates, and it is assembly top convenience. In order to generate pulsatile flow 
using a blood reservoir, it is desirable to install a blood reservoir downstream most. As 
mentioned above, it is desirable to become the order of a filter, a pump, an artificial lung, and a 
blood reservoir from the upper stream (blood removal tubeside) of a circuit toward the lower 
stream (blood transfusion tubeside). 

[0060]There are many functions required for the controller for driving and controlling 
extracorporeal circulation equipment. In this function, it controls with rotation of a pump motor, 
and control and the drive of a blood reservoir drive motor at least, External data inputs, such 
as communication with the transducer for inflow part circuit internal pressure measurement, 
and amplifier, an ultrasonic flowmeter (with a bubble detection function) and a separation type 
navigational panel and a patient's blood pressure, control of the whole system, etc. are 
included. An interlocking function with the reservoir for a suction circuit and suction circuits, 
hemoconcentration equipment (cell SEBA, ultrafiltration equipment), a myocardium protection 
liquid circuit and an injector, a vent circuit, etc. is also effective. The input output function of the 
surveillance and control data through a network is also effective. In order to improve space- 
saving [ of a system ], and portability, the small and movable thing of the controller is preferred. 
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[0061]The filter, the pump, artificial lung, and blood reservoir which constitute the 
extracorporeal circulation equipment of <setting of operation> this invention can be installed in 
a sterilization field of operation by assembling at the time of shipment and making sterilization 
complete in a short time. Before installing the restoration in a circuit, and air extraction in a 
sterilization field of operation, they are possible also later. If the silicon film production type 
lung which a liquid break through does not generate is used, it will be possible to also make it 
already complete to restoration at the time of shipment, and it will lead to large laborsaving. 
The port for air extraction is established in the filter and the blood reservoir. An extracorporeal 
circulation equipment controller is installed near the operating table. Inflow part circuit internal 
pressure is monitored and the sterilized ultrasonic flowmeter (with bubble detection function) 
probe is attached. A suction circuit, a myocardium protection liquid circuit, etc. are prepared. 
Transparent sterilization covering is covered over a separation type navigational panel, and it 
installs in the place which a way person tends to operate. Extracorporeal circulation is 
operated under cooperation of a way person, an operation assistant, and an anesthesiologist. 
Therefore, the special staff only for extracorporeal circulation device operation is not stationed. 

[0062]The procedure of the mitral valve operation under MICS using the extracorporeal 
circulation equipment of implementation of operation> this invention is mentioned as an 
example. Skin incision is shortened as much as possible, the partial median sternotomy is 
performed, and the heart is exposed. Small incision is added to a right inguinal region, and a 
femoral artery and vein is exposed. A blood transfusion pipe is inserted in a femoral artery, and 
a blood removal pipe is inserted in an inferior vena cava from a femoral vein. A blood removal 
pipe is directly inserted in superior vena cava from a sternotomy part. The double snare on a 
tape is hung on the right-atrium close relationship of superior vena cava and an inferior vena 
cava, and it is considered as tourniquet. Interception of this tourniquet must fully be possible so 
that the compulsive blood removal by the negative pressure of a vein may not draw air, either. 
Although the thickness of a blood removal pipe changes with patients, insertion is also simple 
for a thin thing and it does not become the hindrance of a view. KANYURA for myocardium 
protection liquid pouring is installed in an ascending aorta. It fills up and the extracorporeal 
circulation circuit which air extraction ended, and the blood transfusion pipe and blood removal 
pipe which were attached to the patient are connected. It checks that there is no problem in the 
whole circuit, and extracorporeal circulation is started. 

[0063]Extracorporeal circulation makes automatic operation possible fundamentally. On 
condition that it is not less than the value which patient arterial pressure set up beforehand, 
pump rotation frequency is raised until a set flow rate is obtained. If a set flow rate is obtained, 
the capacity of a blood reservoir will be raised next. As long as patient arterial pressure and a 
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flow allow, the capacity of the blood reservoir is raised. It checks that stable extracorporeal 
circulation operation is obtained, an ascending aorta is intercepted, myocardium protection 
liquid is poured in, and the heart is stopped. Myocardium protection liquid, bleeding, etc. which 
have carried out perfusion are attracted, and are brought together in the reservoir for suction 
circuits. The collected liquid is processed with hemoconcentration equipment (cell SEBA, a 
ultrafiltration equipment, etc.), and is transfused into a patient. Since operation of 
hemoconcentration equipment is easy, even if it is not the extracorporeal circulation engineer 
trained specially, it can be enforced. 

[0064]Up-and-down vena cava are intercepted and it results in a mitral valve by the right 
atrium and the atrioseptostomy, or left-atrium incision. Even if the method of a mitral valve 
operation, for example, mitral valve replacement, and mitral annuloplasty is MICS, it is not 
different from usual. The air after the end of treatment of a mitral valve and in the heart is 
removed enough, ascending aorta interception is canceled, and suture closing of the 
cardiotomy part is carried out thoroughly. Up-and-down vena-cava interception is canceled, an 
extracorporeal circulation flow is lowered, and extracorporeal circulation will be ended if the 
heart beat is enough. Since it is required to carry out manually to some extent and ** is after 
the end of mind operation, a way person and an operation assistant can enforce the separating 
operation from extracorporeal circulation. 

[0065]The serious trouble under <safety measures to aeration> extracorporeal circulation 
enforcement has the aeration in a circuit. Especially when the blood reservoir of an enclosed 
type is used, since there is a danger of sending into a patient's artery if air is not removed 
promptly, it is a problem. The mixing part of air is an upstream negative pressure side from a 
pump. Therefore, it is important not to establish an unnecessary port in the negative pressure 
side. The terminal area of a circuit also needs a device from which it does not separate simply. 
Even if satisfactory in the circuit itself, air may be drawn in a blood removal pipe from the 
inside of the heart. Therefore, interception of up-and-down vena cava must be made into a 
positive thing. 

[0066]A pump is controlled and inhaled and **** is prevented so that it may not become 
negative pressure with excessive inflow part circuit internal pressure. Even if it performs these 
safety measures, in consideration of a possibility that air will mix, a security apparatus is 
established further. The mixed air is detected by the bubble detection function of an ultrasonic 
flowmeter, sounds an alarm promptly, lowers the number of rotations of a pump, and reduces 
a flow. However, a stop is not carried out. Since a stop of a pump means circulation 
interception, the easy pump stop cannot say it as suitable correspondence. If the sensor of air 
detection is attached also to a filter and air accumulates more than fixed, a pump will be 
stopped promptly. The port of air extraction is established in the upper bed of the filter, a 
suction circuit is connected beforehand, and it usually intercepts. If air is detected by a bubble 
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detection function or air accumulates in a filter, by automatic or manual operation, the 
interception to a suction circuit will be canceled and air will be removed outside a circuit. Also 
to a blood reservoir, an air extraction port is established in an upper bed, and it escapes from 
air if needed. 
[0067] 

[Effect of the lnvention]According to this invention, when a blood reservoir has a capacity 
regulation means and a capacity capacity detection means, control of extracorporeal 
circulation is easy and the extracorporeal circulation equipment with which the burden of 
equipment operation was eased can be provided. Automation of equipment operation is also 
attained, furthermore -- since equipment can be safely operated even if it makes high the 
amount of driving flow of a blood pump by controlling a blood reservoir and a blood pump 
collectively -- low -- invasion extracorporeal circulation becomes possible. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the lnvention]this invention was provided with the extracorporeal circulation equipment 
of blood, and the function which controls a circulation state especially -- simple -- low -- it is 
related with invasion extracorporeal circulation equipment. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art]ln the operation of the heart and a large artery, in order to change 
the heart temporarily into the state near a stop or a stop and to make the function of the heart 
and a lung take over with a machine, extracorporeal circulation equipment is used. The 
extracorporeal circulation equipment currently used conventionally is composition which was 
provided with the blood removal pipe 2, the blood reservoir 83, the heat exchanger 5, the main 
pump 86, the artificial lung 7, the filter 9, and the blood transfusion pipe 10, and has arranged 
those elements one by one all over blood circuits as main elements, as shown in drawing 8 . 
[0003]The blood removal pipe 2 is inserted in the patient's 1 up-and-down vena cava and right 
atrium, and in order to take many flows, a thick thing is used as much as possible. As for the 
blood reservoir 83, many open sand molds with which blood touches air are used. 
By fall blood removal which used the fall of the blood reservoir 83 with the patient 1, blood 
flows through a blood removal pipe. 

Although it is a small number, the blood reservoir of the enclosed type with which blood does 
not touch air is also used, and there are some into which blood flows through a blood removal 
pipe by compulsive blood removal using a blood pump. In the blood reservoir of an open sand 
mold, since a risk of sending in air in a circuit will increase if the blood volume which stored 
liquid falls, there are some which emit an alarm, but what adjusts capacity actively is not 
known. The heat exchanger 5 is installed in a blood reservoir in many cases, carries out 
perfusion of the liquid (usually tap water) warmed thru/or cooled by metal tubes with the 
heating-cooling equipment 4, and warms thru/or cools blood. A roller pump or a centrifugal 
pump is used and the main pump 86 is installed downstream from the blood reservoir. The 
example currently installed upstream of the blood reservoir does not have a main pump. The 
whole extracorporeal circulation equipment is large-sized, and needs to secure a large space 
compared with a general operation. It is not suitable for carrying for a large-sized machine, and 
is always installed in the space undergoing an operation. 
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[0004]Operation of extracorporeal circulation equipment is performed by stationing the special 
staff for it. Although an extracorporeal circulation engineer takes on the duties, a medical 
practitioner may usually perform an extracorporeal circulation operator. Anyway, the special 
staff who acquired advanced technology is required. An extracorporeal circulation operator is 
located beside an operating table, does not join operation or is never located in a remote 
place. The extracorporeal circulation operator is performing adjustment of the capacity of a 
blood reservoir, or a pump flow rate by manual operation in consideration of the optimum 
extracorporeal circulation blood flow rate, looking at the grade of blood removal, and a living 
body's arterial pressure. Therefore, an extracorporeal circulation operator cannot separate 
from extracorporeal circulation equipment during extracorporeal circulation enforcement. 
[0005]By the way, in order to utilize a human and economical medical resource effectively, in 
the surgery field, the no-touch isolation technique is introduced positively. The no-touch 
isolation technique in a cardiovascular surgery field is called MICS (Minimally Invasive Cardiac 
Surgery; low invasion heart surgery). In MICS, in order to reduce invasion, median sternotomy 
covering an overall length is not performed, but skin incision is shortened as much as possible. 
Therefore, the view for exposing the heart is restricted. Therefore, the thin thing from which the 
blood removal pipe used for extracorporeal circulation equipment does not become the 
hindrance of a view is liked. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the lnvention]ln this invention, a blood reservoir has a capacity regulation means and 
a capacity capacity detection means. 

Therefore, control of extracorporeal circulation is easy and the extracorporeal circulation 
equipment with which the burden of equipment operation was eased can be provided. 
Automation of equipment operation is also attained, furthermore -- since equipment can be 
safely operated even if it makes high the amount of driving flow of a blood pump by controlling 
a blood reservoir and a blood pump collectively -- low -- invasion extracorporeal circulation 
becomes possible. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem to be solved by the invention]The main purposes of this invention are to provide the 
extracorporeal circulation equipment [ operation is easy and ] which can also automate 
operation, moreover -- low -- it is the important purpose that realizing the extracorporeal 
circulation equipment which makes invasion extracorporeal circulation possible also 
accompanies. The issue which this invention tends to solve is explained in full detail below. 
[0007]Conventionally [ <laborsaving and easy-operationality> ], when extracorporeal 
circulation was required in the heart and a large artery operation, the staff for operating 
extracorporeal circulation was required. And operation of extracorporeal circulation equipment 
requires the technology in which operation is complicated and advanced, and needs to be 
experienced. Therefore, this invention controls operation mechanically, its operation is easy 
and simple and an object of this invention is to provide the equipment which can be saved 
labor. 

[0008]As side effects which <low invasiveness> extracorporeal circulation gives to a living 
body, inducement of dilution of blood, bleeding by a lot of anticoagulant administration, 
hemolysis by hematocrasia, or inflammation, the fall of the organ blood flow by an 
unphysiologic steady flow, etc. are mentioned. In order to decrease these side effects, the 
extracorporeal circulation equipment which can realize low invasiveness is desirable. On the 
other hand, since the blood removal pipe used by MICS etc. is thin, the suitable amount of 
blood removal may not be obtained. Therefore, an object of this invention is to provide the 
equipment which can secure the blood flow rate which flows through a circulation system, 
although low invasiveness is secured. 

[0009]<Safety> Since conventional extracorporeal circulation equipment is not fully equipped 
with the security apparatus, it depends for safety on the skill of the engineer who mainly 
operates extracorporeal circulation. Therefore, an object of this invention is to provide a 
hardware target or the equipment provided with the security apparatus by software. 
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[0010]The extracorporeal circulation equipment of the <secured of miniaturization and 
portability> former is large-sized, and needs to secure a large space. Movement is difficult and 
it has interfered with elastic employment of equipment. Therefore, this invention aims at a 
miniaturization and a mobile improvement of a circulation system. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

MEANS 

[Means for solving problem]ln order to solve above-mentioned SUBJECT, the extracorporeal 
circulation equipment of this invention is provided with the following. 
It is the extracorporeal circulation equipment constituted so that a predetermined element 
might be arranged and extracorporeal circulation of the blood might be carried out into a 
circuit, and is a blood pump. 

The blood reservoir which has a capacity detection means for detecting the capacity regulation 
means and capacity for fluctuating the capacity to store actively. 

The control means for controlling the flow of a blood pump, while the output of a capacity 
detection means is supplied and controlling the capacity of a blood reservoir via a capacity 
regulation means. 

It is constituted so that it may be possible to control a capacity regulation means by a control 
means at least, and to adjust the circulation state in a circuit by it. According to this 
composition, according to being able for a blood reservoir to have a capacity regulation means 
and a capacity detection means, and to control that capacity, operation of equipment does not 
need an operator's advanced technology, but will become easy and simple. 
[001 2]lt has preferably a circulation state detection means which detects the circulation state in 
a circuit, and according to the output which the circulation state detection means detected, a 
control means constitutes so that the circulation state in a circuit may be adjusted. Thereby, 
automatic operation becomes easy. 

[0013]Let a blood pump be a non-positive-displacement-design blood pump preferably, a blood 
removal pipe sticks fast by using a non-positive-displacement-design blood pump -- etc. -- can 
prevent negative pressure excessive at the time of a trouble from occurring, and safety 
increases, and small -- low -- it is possible to build an invasion system. 
[0014]The blood chamber which stores blood for a blood reservoir, and its blood chamber are 
preferably considered as the composition which has **** external housing. Or the blood 
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chamber which stores blood, the pressure control chambers which adjust the blood volume in 
the blood chamber adjoined and provided in the blood chamber, and these two rooms are 
considered as the composition which has **** external housing. In any case, a blood chamber 
makes it the complete rebreathing system with which the indoor blood does not meet with the 
open air. By making a blood reservoir into a complete rebreathing system, compulsive blood 
removal becomes easy from a viewpoint of safety compared with an open sand mold. 
Therefore, it is also easy to secure a large flow rate and to realize low invasiveness. It 
becomes easy [ a miniaturization ]. By changing at least some outer walls of a blood chamber, 
a capacity regulation means is constituted so that capacity may be adjusted. 
[0015]As for a capacity detection means, in these composition, it is preferred to constitute so 
that the blood volume of a blood chamber may be detected based on the deformed state of the 
outer wall of a blood chamber. Thereby, regulation of capacity and Measurement Division of 
capacity can be performed with easy composition. It is preferred to form at least a part of blood 
chamber with the diaphragm which is a flexible septum. While being able to perform capacity 
regulation and capacity detection with composition easily by pressing or towing a diaphragm 
with a gas or a liquid according to this composition, the form of a blood reservoir and the 
flexibility of a setting position are high. As for a capacity regulation means, when it has a 
pusher plate which consists of a hard board and the pusher plate presses or tows a septum, it 
is preferred to constitute so that the capacity of a blood chamber may be adjusted. Thereby, 
the mechanism for capacity regulation can be simplified and equipment can be manufactured 
inexpensive. 

[001 6]A non-positive displacement type pump installs in a circuit preferably only at the 
upstream of a blood reservoir. According to this composition, it is easy, and the compulsive 
blood removal by negative pressure can make a blood removal pipe thin, and is advantageous 
to realization of low invasiveness. 

[001 7]lt constitutes from a pressure sensor in which the circulation state detection means was 
provided by the inflow part preferably. It constitutes so that a circulation state detection means 
may detect a circulation state based on the output of the consumed electric current and/or the 
power consumption monitor which were connected to the drive of a blood pump. A circulation 
state detection means has preferably a circulation state estimation means to presume a living 
body's arterial pressure and/or extracorporeal circulation blood flow rate, based on the data 
obtained from the inside of a circuit. According to these composition, excessive negative 
pressure can be prevented from starting a blood removal pipe, a possibility of drawing air 
decreases, and safety increases. In composition of detecting a circulation state from the 
consumed electric current of a blood pump, etc., since a sensor is not needed, a system can 
be manufactured inexpensive. 

[0018]Preferably, a control means is controlled to lower the number of rotations of a blood 
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pump, or to lower the capacity of a blood reservoir, when a blood removal part inhales based 
on the information acquired from a circulation state detection means, **** is detected and it is 
detected with this ****. It can be coped with easily for a blood removal part sticking fast by that 
cause, and inhales, **** can be prevented, and safety increases. 

[0019]Having a means to set up a preset value which shows a range which serves as a critical 
value or a target preferably about information acquired from a circulation state detection 
means, a control means is based on comparison of information concerned and a preset value, 
and increases or decreases an extracorporeal circulation flow of blood. Preferably, at least by 
one side of operation which raises number of rotations of a blood pump, or lowers capacity of a 
blood reservoir, perform an increase in an extracorporeal circulation flow and reduction of an 
extracorporeal circulation flow, It constitutes so that at least one side of operation which lowers 
number of rotations of a pump or raises capacity of a blood reservoir may perform. Thereby, 
automatic operation of extracorporeal circulation becomes easy. 

[0020]lt has a means to make a circulation system generate pulsatile flow, by making number 
of rotations of a blood pump fluctuate periodically, or making capacity of a blood reservoir 
fluctuate periodically preferably. Thereby, suitable organ perfusion is obtained also in a patient 
who has complication, such as cerebrovascular disease and renal failure. 
[0021] Preferably, among elements arranged in a circuit, at least, a blood pump, a blood 
reservoir, an artificial lung, and a filter are assembled in one, and are constituted. Thereby, 
portability increases. 

[0022]lt has an aeration detection means to detect preferably an aeration arranged at an inflow 
part of a circuit, and a means to perform at least one side among generating of an alarm, and 
automatic stay of a pump when it operates according to an output of an aeration detection 
means and mixing of air into a circuit is detected. Thereby, a serious trouble of mixing in a 
circuit of air can be prevented, and safety increases. 
[0023] 

[Mode for carrying out the invention]Hereafter, with reference to Drawings, an outline is 
indicated about an embodiment of the invention. The extracorporeal circulation equipment in 
one embodiment of this invention is shown in drawing 1 . Although the same number was 
attached about the same component as the conventional example of drawing 8, the 
arrangement is not necessarily the same as that of a conventional example. 
[0024JAII over the circuit from the blood removal pipe 2 to the blood transfusion pipe 10, the 
filter 9, the main pump 6, the artificial lung 7, and the blood reservoir 3 are arranged as main 
elements toward the lower stream from the upper stream (blood removal tubeside), and they 
are connected by the short tube one by one. The drive 38a and the motor for driving 38b are 
formed in the blood reservoir 3 and the main pump 6, respectively. The circuit internal pressure 
measurement port 37 which contains a ** sensor in the inflow part (the inflow part said by this 
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invention refers to some blood circuits of the upstream from a main pump) of a circuit, and the 
ultrasonic flowmeter probe 31 are arranged. 39 is a controller which makes a control means 
and is connected with the blood reservoir 3, the main pump 6, the circuit internal pressure 
measurement port 37, and the ultrasonic flowmeter probe 31 by the wiring 40. 1 1 shows the 
flow of the blood in a circuit. 

[0025]The blood reservoir 3 has a capacity regulation means for fluctuating capacity to store 
actively. The drive 38a makes a part of element of a capacity regulation means. Although not 
illustrated by drawing 1 , the blood reservoir 3 has a capacity detection means for detecting 
capacity. The circuit internal pressure measurement port 37 and the ultrasonic flowmeter probe 
31 are the means for detecting a circulation state in a circuit. 

[0026]The controller 39 controls capacity and the main pump 6 of the blood reservoir 3 
according to an output of the circuit internal pressure measurement port 37 and the ultrasonic 
flowmeter probe 31. Since the controller 39 holds a reference value for control and performs 
control based on it, it has a set part for setting up a reference value. Although it is desirable 
that it is variable as for setting out of a reference value, it may be immobilization depending on 
conditions of use. It is not indispensable that control by the controller 39 is automatically 
performed with the output of the circuit internal pressure measurement port 37 and the 
ultrasonic flowmeter probe 31 . Even if it is the composition of operating the controller 39 
manually, when the blood reservoir 3 has a capacity regulation means, it is because a main 
part of an effect of this invention is obtained. Main things of the above elements are explained 
in full detail below. 

[0027]The blood reservoir 3 and the <capacity adjustment blood reservoir 3 are provided with 
the following. 

The blood chamber 16 which puts in and collects blood as shown in drawing 2. 
The pressure control chamber 17 for adjusting the inner capacity of the blood chamber 16. 
Both ** 16 and 17 are divided by the existing flexible septum (diaphragm) 18. A communication 
trunk for 3a and 3b to connect with a circuit and 3c are the communication trunks for 
connecting the pressure control chamber 17 and a capacity adjustment (not shown). Although 
not illustrated to drawing 2, it has a capacity detection means which detects the stored blood 
volume. The blood reservoir 3 can adjust the amount of blood storage actively with a capacity 
adjustment. The thing of various forms can be used as the blood reservoir 3 in this invention, 
and its capacity adjustment. It explains classifying them. 

[0028]The blood reservoir generally built into an extracorporeal circulation circuit has an open 
sand mold with which air touches blood, and an enclosed type which does not touch air. In 
conventional extracorporeal circulation equipment, the open sand mold reservoir is 
incorporated in many cases. However, in order to consider it as simple extracorporeal 
circulation equipment, the reservoir of the open sand mold which must always supervise the 
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amount of blood storage of a reservoir is unsuitable. Therefore, in this invention, an enclosed 
type is preferred. The blood volume of a blood chamber is made to fluctuate actively, and there 
are a hydrostatic pressure type which adjusts blood volume, and a mechanical cable type 
which adjusts blood volume second by [ direct ] carrying out pressure towage of the blood 
chamber mechanically by carrying out pressure towage of the blood chamber via the first liquid 
or gas as a capacity adjustment for adjusting. 

[0029]ln the first hydrostatic pressure type, as shown in drawing 2 , two rooms, the blood 
chamber 16 which puts in blood, and the pressure control chamber 17 which wrap in the whole 
or a part of blood chamber and into which the gas and liquid for ****** are put, exist. The whole 
or some of container serves as elasticity, ** of the pressure control chamber 1 7 is reflected in 
the blood chamber 1 6 via the elasticity portion of the blood chamber 1 6, and, as for the blood 
chamber 16, the capacity of the blood chamber 16 is adjusted. Drawing 2 shows the blood 
reservoir which has the existing flexible septum (diaphragm) 18 also in a hydrostatic pressure 
type. 

[0030]A gas or a liquid may be sufficient as the medium of **. If the liquid had mobility, it is 
[ anything ] good. Although the degassing physiological saline from which it sterilized and 
dissolved gas was removed is preferred, the mere water which has not sterilized since blood is 
not touched directly may be sufficient. Fluids, such as a liquid and a gas, are sent into a 
pressure control chamber, and the blood reservoir capacity adjustment made to generate 
suitable ** may be separately installed via a tube, although including in a blood chamber is 
also possible. The whole system becomes compact when it incorporates. When it is made 
separate, the blood chamber itself becomes compact and its restriction of the setting position 
of a blood chamber decreases. 

[0031 ]A blood reservoir capacity adjustment is [ anything which may generate suitable ** ] 
good. When a medium is air, it is also possible to use the compressor which can adjust **. 
When a medium is a liquid, there are a system (capacity regulation system) which specifies 
capacity, such as a syringe and bellows, directly, and a system (pump fluid pressure control 
mode) which adjusts fluid pressure using a liquid-sending pump. 

[0032]The equipment of structure as shown in drawing 3 can be used for a capacity regulation 
system. The figure (a) shows the equipment which specifies the capacity of a pressure control 
chamber using the piston 19. The pressure adjusted by the position of the piston 19 is 
transmitted to the pressure control chamber 17 via the communication trunk 19a. As for the 
Drawing (b), (c), and (d), capacity is respectively adjusted with the syringe 20, the bellows 21, 
and the pusher plate 22. It is respectively connected to the pressure control chamber 17 via 
the communication trunks 20a, 21a, and 22a like (a). The piston 19, the syringe 20, the 
bellows 21, and the pusher plate 22 are driven by a motor etc. 

[0033]ln a pump fluid pressure control mode, the capacity of a pressure control chamber is 
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adjusted using the liquid-sending pump for blood reservoir capacity adjustments. The pump 
used here is [ anything ] applicable if liquid sending is possible. As performance called for, it is 
small and what is excellent in reliability and endurance, is excellent in a response, and can 
generate high ** regardless of the direction of liquid sending, and cost does not require is 
good. Specifically, a centrifugal pump, a mixed flow pump, a propeller pump, a friction pump, a 
gear pump, a roller pump, etc. are mentioned. The switching valve into which a centrifugal 
pump and a mixed flow pump change a direction since the direction of liquid sending is one 
way is needed. Drawing 4 (a) and (b) shows the example which used the roller pump 23 and 
the propeller pump 24, respectively. In a figure, 25 is a liquid-storage room for liquid sending. 
[0034]As the second mechanical cable type, composition as shown in drawing 5 can be used. 
In this case, a blood reservoir capacity adjustment becomes the structure coupled directly with 
the blood chamber. Drawing 5 (a) is the example which used the piston 12. The blood 
chamber 1 2c serves as a container variable in capacity by the position of the piston 12. 1 2a 
and 12b are the communication trunks for connecting with a circuit. The Drawing (b), (c), and 
(d) shows respectively the example in which capacity is adjusted with the syringe 13, the 
bellows 14, and the pusher plate 15. As a driving source, a motor, an electromagnet, etc. are 
used and capacity is adjusted by receiving a certain pressure towage. 

[0035]ln both the first mechanical cable type and the second hydrostatic pressure type, form of 
a blood chamber must be made into what has a few blood-flow **** part in order to improve 
anti-thrombus nature. It is thought that the direction of a hydrostatic pressure type has little 
restriction of the design of a blood chamber, and is superior to a mechanical cable type in anti- 
thrombus nature. On the other hand, since a mechanism is simple, and part mark also have 
them and it ends, a mechanical cable type can be manufactured inexpensive. [ few ] Although 
the target patient calls on an adult or a child, if the region of accommodation of blood chamber 
capacity is an adult, it is desirable for it to be able to adjust to 100 ml - 4000 ml. 
[0036]The thing of various forms can be used as composition of the capacity detection means 
which detects the capacity of a blood chamber. If a piston, a syringe, and bellows are used for 
a blood chamber, capacity is simply detectable with the displacement position of the axis of 
rotation of a drive motor. The capacity of a blood chamber is measurable also by the method of 
attaching capacity detection means, such as a hall sensor and an ultrasonic crystal, to a blood 
chamber or a pressure control chamber, or sending weak current through a blood chamber 
and measuring impedance and conductance with a current potential plan. When the fluid is 
liquid in the case of a hydrostatic pressure type, even if it measures the capacity of the liquid 
discharged via the tube from the regulating chamber with a volume plan, the capacity of a 
blood chamber can be measured. Since the mensuration of the capacity of the discharged 
liquid has high flexibility, it can consider many methods, but it is good to measure weight with a 
weigher simply. The means for supplying detected information is required for the controller 39, 
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and for that purpose, it constitutes so that a detection result may be outputted as an electrical 
signal, for example. 

[0037]lt is possible to include a heat exchanger in the blood reservoir in this invention. There 
are some methods incorporating a heat exchanger and the following is mentioned as an 
example. Warming of a living body and cooling are possible for blood ****** by installing the 
tube made with the construction material which was excellent in heat exchange ability in the 
blood chamber of a blood reservoir in the first place, and carrying out perfusion of the liquid 
warmed or cooled in the tube. Warming of a living body and cooling are possible for blood 
****** by warming or cooling a pusher plate in the mechanical reservoir which used the pusher 
plate for the second. If it limits only to warming, how to build a heater into a pusher plate will 
also be considered, and it will be a simple and effective method. Warming of a living body and 
cooling are possible for blood ****** by warming or cooling the liquid in a pressure control 
chamber with a hydraulic system reservoir to the third. It is an effective method, also in order to 
lose the **** part of blood, to think that anti-thrombus nature becomes high and to improve low 
invasiveness rather than installing a heat exchanger in a blood chamber. 
[0038]The <main pump 6>, next the main pump 6 are explained. Since the blood removal pipe 
used by MICS etc. is thin, the suitable amount of blood removal may not be obtained. 
Therefore, it is necessary to add the suitable negative pressure which is not excessive to blood 
removal. Since addition negative pressure has a limit in fall blood removal, the compulsive 
blood removal using a pump is preferred. In fall blood removal, in order to enlarge a fall, it is 
necessary to make an operating table high but, and in compulsive blood removal, the same 
operating table as the general operation of those other than the heart can be used, and it is 
effective on employment of an operating room. 

[0039]Generally, there are a positive-displacement design and a non-positive-displacement 
design in a liquid-sending pump. The roller pump mostly used to extracorporeal circulation 
equipment is classified into a positive displacement pump, the problem at the time of using a 
positive displacement pump for the main pump of extracorporeal circulation equipment, and 
moreover installing in the upper stream from a blood reservoir sticks to a blood removal pipe -- 
etc. -- when the obstacle of a circuit arises, it is that excessive negative pressure occurs in the 
inflow part of a pump. Excessive negative pressure may damage the body tissue of a blood 
removal part, and may cause serious troubles, such as drawing in into the circuit of air. for this 
reason - sticking fast as a kind of main pump installed in the upper stream from a blood 
reservoir -- etc. -- the non-positive displacement type pump which excessive negative pressure 
did not occur at even if it produced, but was excellent in accommodativeness is preferred. The 
typical things of a non-positive displacement type pump are turbo-pumps, such as a centrifugal 
pump, a mixed flow pump, and a propeller pump. Although these all can be used for this 
invention, since the propeller pump needs to make number of rotations very high in order to 
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generate high **, if hemolysis and endurance are taken into consideration, it is not desirable 
selection. Therefore, a centrifugal pump and a mixed flow pump are preferred. 
[0040]Control of a circulation state by the controller 39 in <the controller 39 and a circulation 
state detection means>, next the extracorporeal circulation equipment of this invention is 
explained. In order to make operation of extracorporeal circulation equipment simple and to 
Automatic Control Division-ize it most preferably, control by a computer is required. It is also 
effective in control to consider and combine some methods. 

[0041]the 1st method is based on ** -- it sticks fast and they are detection and prevention. That 
is, if monitor inlet pressure of a circuit, it inhales from a pressure wave form, **** is detected 
and inhaled and **** appears, control which lowers number of rotations of a pump or lowers 
capacity of a blood reservoir will be performed. Reflecting venous pressure, if** of an inflow 
part is normal, it serves as a steady flow which does not almost have pulse pressure. 
However, if a blood removal pipe sucks up and **** arises, disorder of an unusual pressure 
wave form characterized by rapid fall of ** will arise. This serves as increase of pulse pressure, 
increase of a pressure change (increase of an absolute value of ********) f a nd change of 
************ t anc | appears. A ** sensor of the pressure measuring port 37 which constitutes a 
circulation state detection means detects this, and information acquired by it is transmitted to 
the controller 39 which is a control means. A computer is built into the controller 39, and using 
information acquired from a ** sensor, the main pump 6 and/or a blood reservoir are adjusted 
so that blood may flow through inside of extracorporeal circulation equipment favorably. 
[0042]lf the 2nd method sets up a lower limit value of inlet pressure and it is less than a preset 
value, it will be the controlling method which lowers number of rotations of a pump or lowers 
capacity of a blood reservoir. Although a certain amount of [ a lower limit value ] negative 
pressure is unavoidable, since it becomes origin of obstacles, such as cavitation generating of 
a main pump and drawing in into a circuit of unexpected air, negative pressure which is less 
than -100mmHg must be prevented. In order to measure inlet pressure of a circuit as a 
circulation state detection means like the 1st method also in this case, the ** sensor 37 shown 
in drawing 1 is used. It is required for the controller 39 to have a means to set up a lower limit 
value of inlet pressure. 

[0043]The 3rd method will be the controlling method which lowers the number of rotations of a 
pump or lowers the capacity of a blood reservoir, if measure the consumed electric current or 
electric power of a blood pump, a blood removal part inhales from the waveform of the 
consumed electric current or electric power, **** is detected and inhaled and **** appears. 
Although this is fundamentally the same as the 1st method, in order to use the in-house data 
which the motor of a pump has, a special sensor is not needed, but it leads to reduction of 
cost. In this case, since the consumed electric current and power consumption of a drive 
(motor) which are driving the blood pump must be measured, a means to monitor the current 
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or electric power of a motor of a pump is needed as a circulation state detection means. 
[0044]lf a living body's arterial pressure and extracorporeal circulation blood flow rate used as 
a target are set up and both this arterial pressure, this flow, or either is less than a preset 
value, the 4th method, If pump rotation frequency is raised, or the capacity of a blood reservoir 
is lowered and both this arterial pressure and this flow exceed a preset value, it will be the 
controlling method which lowers pump rotation frequency or raises the capacity of a blood 
reservoir. The arterial pressure and the extracorporeal circulation blood flow rate to set up 
must be determined according to a living body's individual difference or the condition of the 
technique and a living body, and cannot consider setting it as the same value in any situations. 
However, it is possible to decide target arterial pressure suitable for each case and an 
extracorporeal circulation blood flow rate to be beforehand, and it is not necessary to change a 
preset value frequently during extracorporeal circulation implementation. It is not especially 
limited which shall be given priority to and adjusted between pump rotation frequency and 
blood reservoir capacity, but it is both possible. 

[0045]Until it sets up optimum upper limit (it is described as Arpm) of pump rotation frequency 
and exceeds Arpm as one desirable method, It controls towards giving priority to blood 
reservoir capacity, increasing capacity, and considering it as the maximum (full blood removal), 
and if it will be necessary to exceed Arpm in order to make a blood flow rate increase, how to 
reduce blood reservoir capacity without raising number of rotations can be considered. 
Administration of a pressure-up agent or vasodepressor is also required during extracorporeal 
circulation, and suitable treatment is needed suitably. If a living body's arterial pressure and an 
extracorporeal circulation blood flow rate are measurable as a circulation state detection 
means provided in extracorporeal circulation equipment in the case of the 4th method, a 
pressure (blood) monitor line, a blood flow merer, etc. which it was not limited in particular, for 
example, were formed in blood circuits will be mentioned. 

[0046]Reduction of a fill ration of an extracorporeal circulation circuit is attained by simplifying 
a simplification of circuit and system> circuit and shortening a tube as much as possible. 
Reduction in a fill ration can be contributed to low invasiveness by suppressing generating of 
an edema by hemodilution and reducing the necessity for blood transfusion substantially. By 
assembling a circuit on a manufacture level beforehand, a labor required for an assembly is 
omitted and it is connected with human laborsaving and cost reduction. If restoration in a 
circuit is also substituted for a manufacture level, preparation further before an operation is 
mitigable. Conventional extracorporeal circulation equipment is large-sized, and a large space 
needed to be secured, and since movement was difficult, it had interfered with elastic 
employment of equipment. In this invention, a circuit and a drive are designed compactly, it is 
possible to secure portability and these problems are also solved. 
[0047]ln a patient who has complication, such as <pulsation and oscillating additional- 
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equipment cerebrovascular disease and renal failure, the validity of extracorporeal circulation 
which has pulsatile flow is accepted. Therefore, also in this invention, it is effective to enable 
addition of pulsation and vibration, also in order to attain low invasion-ization. The following 
can be considered to a method of adding pulsation and vibration. It is the method of generating 
pulsatile flow, by making number of rotations of a pump 1st fluctuate periodically. It is the 
method of generating pulsatile flow thru/or vibration, by making the 2nd fluctuate capacity of a 
blood reservoir periodically. Especially the latter is the new method which employed efficiently 
the feature of a blood reservoir that capacity could be adjusted actively. It is also possible to 
use the 1st and the 2nd method together, and it is effective. 

[0048]Antithrombotic processing is performed to a blood contacting surface of a <anti- 
thrombus processing> circuit. In this invention, it is a complete rebreathing system which does 
not touch air, and in order to use a blood reservoir which improved anti-thrombus nature with 
few blood-flow **** parts, antithrombotic processing and extracorporeal circulation in conjointly 
more few anticoagulants become possible. By the usual extracorporeal circulation, 
anticoagulants, such as heparin, are prescribed for the patient and, specifically, operation of a 
place which keeps activated coagulation time at 400 seconds or more is enabled in 250 
seconds from 200 seconds. As a result, bleeding decreases, and shortening of operation time, 
a fall of the necessity for blood transfusion, etc. are effective in order to improve the low 
invasiveness of extracorporeal circulation equipment. 

[0049]As an example is shown in <separation type navigational panel> drawing 6, the 
separation type navigational panel 26 which can be installed in a field of operation is used, and 
operation required for control presupposes that it is possible from a field of operation. The 
necessity that this provides a special extracorporeal circulation operator decreases, and it 
leads to human laborsaving. The separation type navigational panel can consider what hung 
the transparent sterilization covering 27 on the touch-sensitive liquid crystal display, while it 
installs in the place which the way person's 28 (or the first assistant) hand reaches and the 
surveillance and control of extracorporeal circulation perform an operation using a sound or a 
sound -- **** -- a user interface which becomes possible is preferred. 
[0050]Operation of <remote control function> extracorporeal circulation will serve as 
surveillance from remoteness controllable from hand control, if it automates more. If a concrete 
example is shown, data required for the surveillance and control of extracorporeal circulation 
will be put on a network by the standards (for example, combination of GPIB and TCP/IP, etc.) 
of a flexible measuring instrument and communication, and batch management will be carried 
out at an extracorporeal circulation central control room. Many pieces of extracorporeal 
circulation equipment is the effective methods of leading to human laborsaving in the large- 
scale hospital currently operated simultaneously. Since it becomes possible to record and save 
all the data, it is useful for scientific practical use. 
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[0051 ]An aeration into a <aeration arrester in circuit> circuit is one of the serious troubles 
which arise during extracorporeal circulation operation. I hear that that it is a simple system 
has so high safety that it can be used simple, and there is. Some methods can be considered 
in the ways of coping to an aeration. A bubble detection function is given to the flow instrument 
the 1st, using an ultrasonic flowmeter as a flow instrument which monitors an extracorporeal 
circulation blood flow rate. If the probe 31 of an ultrasonic flowmeter is attached to the inflow 
part of a circuit and a bubble is detected as shown in drawing 1 , an alarm will be emitted 
promptly and it will be coped with. 

[0052]The filter 32 is installed in a circuit inflow part the 2nd. The filter 32 is installed in the 
highest place of a circuit, and it is made for air to accumulate. If the optical sensor 33 for 
detecting air for an example in the filter 32 as shown in drawing 7 is installed and air 
accumulates [ 3rd ], this will be detected, an alarm will be emitted promptly and a pump will be 
stopped. The port 34 for discharging air is installed in the upper tip of the filter 32, and the port 
34 is connected [ 4th ] to the suction circuit 35. Usually, this port 34 is intercepted by the 
breaker 36. If the filter 32 is covered with air, interception of a port will be canceled hand 
control or automatically promptly, and suction discharging of the air will be carried out outside. 
It is possible to combine the plurality of these methods or all, and it is effective. 30 in drawing 7 
shows the flow of blood. 

[0053]Some peripheral equipment is needed for <linkage with peripheral equipment 
extracorporeal circulation equipment by the technique. That is, they are the reservoir for a 
suction circuit and suction circuits, hemoconcentration equipment (cell SEBA, ultrafiltration 
equipment), a myocardium protection liquid circuit and an injector, a vent circuit, etc. In this 
invention, it is effective to aim at linkage with these pieces of equipment. 
[0054](Concrete embodiment) The more concrete embodiment which was suitable for below at 
it as an example of an operation which uses the extracorporeal circulation equipment of this 
invention on the assumption that the mitral valve operation under MICS is described. 
[0055]As shown in drawing 1 toward the lower stream (blood transfusion tubeside) from the 
upper stream (blood removal tubeside) of a composition of extracorporeal circulation 
equipment circuit, the filter 9, the pump 6, the artificial lung 7, and the blood reservoir 3 are 
connected by a short tube one by one. These are compact and what has the few amount of 
filling liquid is preferred. If these are already assembled at the time of shipment, they are 
convenient. These are preferred, a compact thing and installing in the sterilization field of 
operation of an operation conjointly can also be sterilized and supplied, and it is effective. If it 
can install in a sterilization field of operation, the tube for connecting with a blood removal pipe 
or a blood transfusion pipe can be shortened further, and the whole amount of filling liquid can 
be lessened further. Capture and interception of the air which mixed the filter in the circuit with 
removal of the impurity are the purposes. In order to capture air, it installs in the highest 



://www4ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.i... 10/13/2010 



JP,2000-000299,A [MEANS] 



Page 12 of 15 



position in all the circuits. 

[0056]Although its turbo-pump is preferred, if a pump is a small mixed flow pump, it is still more 
preferred. If sterilization with waterproofness is possible for the motor for driving a pump, it can 
be installed in a sterilization field of operation, and its handling is convenient. Or handling is 
still more convenient if it has sterilized by the same product made from disposal as a pump. A 
compact thing is preferred although anythings can use an artificial lung. Especially the thing 
that was excellent in gas exchange ability or haemocompatibility is preferred, and its 
membrane type is better than this point to an air-bubbles type. A blood reservoir measures 
mechanically the blood volume by which blood storage was carried out, and makes it what can 
be adjusted. Although various modes can be considered, an example is given about each of a 
mechanical cable type and a hydraulic system. 

[0057]A mechanical cable type uses a pusher plate. The blood chamber of a blood reservoir 
consists of hard housing and a flexible film. A blood reservoir drive serves as a motor for 
pressing and towing the hard pusher plate and pusher plate for pressing the flexible film of a 
blood chamber from a motor controller. The pusher plate must be what can press the flexible 
film of a blood reservoir uniformly. The load concerning a pusher plate becomes uniform and 
the direction in which the blood reservoir was installed so that a pusher plate might become 
level to a floor is preferred. It will warm, if it will be necessary to embed a heater and to raise a 
patient's body temperature into a PUSHA plate. Although the motor must have a means to 
change rotation into a straight-line motion, the linear motor which produces a straight-line 
motion from the start may be used. A motor controller mainly performs position control of a 
motor. Capacity Measurement Division of a blood chamber is performed by detecting the 
position of a motor. 

[0058]ln a fluid pressure type, a flexible septum (diaphragm) is put on an inside of a 
transparent hard plastic container, and two cavities, a blood chamber and a pressure control 
chamber, are provided. A pressure control chamber is connected to a liquid-storage room for 
liquid sending by connection tube. A pressure control chamber, a liquid-storage room, and a 
connection tube are filled with a liquid for liquid sending (tap water is used). A roller pump is 
installed in the middle of a connection tube, by making for Masakata or an opposite direction 
rotate a roller pump, capacity of a pressure control chamber is adjusted and, as a result, 
capacity of a blood chamber is adjusted. By a fluid pressure formula, what kind of angle may 
be sufficient as installation of a blood reservoir to a floor, and its flexibility of installation is high. 
It will warm, if it will be necessary to embed a heater and to raise a patient's body temperature 
into a pressure control chamber. As shown in drawing 1 , the circuit internal pressure 
measurement port 37 is established in an inflow part, and inflow part circuit internal pressure is 
monitored. An ultrasonic flowmeter (with bubble detection function) probe is attached to an 
inflow part. 
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[0059]The function to make extracorporeal circulation equipment generate pulsatile flow is 
added. Powerful pulsation addition capability is obtained by taking a synchronization 
periodically and changing the number of rotations of the motor of a pump, and the capacity of a 
blood reservoir. Different consideration from conventional extracorporeal circulation equipment 
is required for the connection order foreword of extracorporeal circulation equipment each 
component of this invention. Since capture and interception of the air mixed in the circuit are 
the big purposes, a filter is installed in the style of Mogami. In negative pressure and the lower 
stream, the upper stream serves as positive pressure from the pump. Therefore, an artificial 
lung is put on the positive pressure side. If a blood reservoir is the above-mentioned 
mechanical cable type, it is more desirable to install it in the positive pressure side, although it 
can install in both negative pressure and positive pressure. If the inside of a blood chamber is 
positive pressure, it becomes unnecessary for the Reason to carry out forcible towage of the 
pusher plate, and to carry out adhesion fixing of between the flexible film of a blood reservoir, 
and pusher plates, and it is assembly top convenience. In order to generate pulsatile flow 
using a blood reservoir, it is desirable to install a blood reservoir downstream most. As 
mentioned above, it is desirable to become the order of a filter, a pump, an artificial lung, and a 
blood reservoir from the upper stream (blood removal tubeside) of a circuit toward the lower 
stream (blood transfusion tubeside). 

[0060]There are many functions required for the controller for driving and controlling 
extracorporeal circulation equipment. In this function, it controls with rotation of a pump motor, 
and control and the drive of a blood reservoir drive motor at least, External data inputs, such 
as communication with the transducer for inflow part circuit internal pressure measurement, 
and amplifier, an ultrasonic flowmeter (with a bubble detection function) and a separation type 
navigational panel and a patient's blood pressure, control of the whole system, etc. are 
included. An interlocking function with the reservoir for a suction circuit and suction circuits, 
hemoconcentration equipment (cell SEBA, ultrafiltration equipment), a myocardium protection 
liquid circuit and an injector, a vent circuit, etc. is also effective. The input output function of the 
surveillance and control data through a network is also effective. In order to improve space- 
saving [ of a system ], and portability, the small and movable thing of the controller is preferred. 

[0061 ]A filter, a pump, an artificial lung, and a blood reservoir which constitute extracorporeal 
circulation equipment of <setting of operation> this invention can be installed in a sterilization 
field of operation by assembling at the time of shipment and making sterilization complete in a 
short time. Before installing restoration in a circuit, and air extraction in a sterilization field of 
operation, they are possible also later. If a silicon film production type lung which a liquid break 
through does not generate is used, it will be possible to also make it already complete to 
restoration at the time of shipment, and it will lead to large laborsaving. A port for air extraction 
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is established in a filter and a blood reservoir. An extracorporeal circulation equipment 
controller is installed near the operating table. Inflow part circuit internal pressure is monitored 
and a sterilized ultrasonic flowmeter (with bubble detection function) probe is attached. A 
suction circuit, a myocardium protection liquid circuit, etc. are prepared. Transparent 
sterilization covering is covered over a separation type navigational panel, and it installs in a 
place which a way person tends to operate. Extracorporeal circulation is operated under 
cooperation of a way person, an operation assistant, and an anesthesiologist. Therefore, a 
special staff only for extracorporeal circulation device operation is not stationed. 
[0062]A procedure of a mitral valve operation under MICS using extracorporeal circulation 
equipment of implementation of operation> this invention is mentioned as an example. Skin 
incision is shortened as much as possible, the partial median sternotomy is performed, and the 
heart is exposed. Small incision is added to a right inguinal region, and a femoral artery and 
vein is exposed. A blood transfusion pipe is inserted in a femoral artery, and a blood removal 
pipe is inserted in an inferior vena cava from a femoral vein. A blood removal pipe is directly 
inserted in superior vena cava from a sternotomy part. Double snare on a tape is hung on a 
right-atrium close relationship of superior vena cava and an inferior vena cava, and it is 
considered as tourniquet. Interception of this tourniquet must fully be possible so that 
compulsive blood removal by negative pressure of a vein may not draw air, either. Although 
thickness of a blood removal pipe changes with patients, insertion is also simple for a thin thing 
and it does not become the hindrance of a view. KANYURAfor myocardium protection liquid 
pouring is installed in an ascending aorta. It fills up and an extracorporeal circulation circuit 
which air extraction ended, and a blood transfusion pipe and a blood removal pipe which were 
attached to a patient are connected. It checks that there is no problem in the whole circuit, and 
extracorporeal circulation is started. 

[0063]Extracorporeal circulation makes automatic operation possible fundamentally. On 
condition that it is not less than the value which patient arterial pressure set up beforehand, 
pump rotation frequency is raised until a set flow rate is obtained. If a set flow rate is obtained, 
the capacity of a blood reservoir will be raised next. As long as patient arterial pressure and a 
flow allow, the capacity of the blood reservoir is raised. It checks that stable extracorporeal 
circulation operation is obtained, an ascending aorta is intercepted, myocardium protection 
liquid is poured in, and the heart is stopped. Myocardium protection liquid, bleeding, etc. which 
have carried out perfusion are attracted, and are brought together in the reservoir for suction 
circuits. The collected liquid is processed with hemoconcentration equipment (cell SEBA, a 
ultrafiltration equipment, etc.), and is transfused into a patient. Since operation of 
hemoconcentration equipment is easy, even if it is not the extracorporeal circulation engineer 
trained specially, it can be enforced. 

[0064]Up-and-down vena cava are intercepted and it results in a mitral valve by the right 
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atrium and the atrioseptostomy, or left-atrium incision. Even if the method of a mitral valve 
operation, for example, mitral valve replacement, and mitral annuloplasty is MICS, it is not 
different from usual. The air after the end of treatment of a mitral valve and in the heart is 
removed enough, ascending aorta interception is canceled, and suture closing of the 
cardiotomy part is carried out thoroughly. Up-and-down vena-cava interception is canceled, an 
extracorporeal circulation flow is lowered, and extracorporeal circulation will be ended if the 
heart beat is enough. Since it is required to carry out manually to some extent and ** is after 
the end of mind operation, a way person and an operation assistant can enforce the separating 
operation from extracorporeal circulation. 

[0065]The serious trouble under <safety measures to aeration> extracorporeal circulation 
enforcement has the aeration in a circuit. Especially when the blood reservoir of an enclosed 
type is used, since there is a danger of sending into a patient's artery if air is not removed 
promptly, it is a problem. The mixing part of air is an upstream negative pressure side from a 
pump. Therefore, it is important not to establish an unnecessary port in the negative pressure 
side. The terminal area of a circuit also needs a device from which it does not separate simply. 
Even if satisfactory in the circuit itself, air may be drawn in a blood removal pipe from the 
inside of the heart. Therefore, interception of up-and-down vena cava must be made into a 
positive thing. 

[0066]A pump is controlled and inhaled and **** is prevented so that it may not become 
negative pressure with excessive inflow part circuit internal pressure. Even if it performs these 
safety measures, in consideration of a possibility that air will mix, a security apparatus is 
established further. The mixed air is detected by the bubble detection function of an ultrasonic 
flowmeter, sounds an alarm promptly, lowers the number of rotations of a pump, and reduces 
a flow. However, a stop is not carried out. Since a stop of a pump means circulation 
interception, the easy pump stop cannot say it as suitable correspondence. If the sensor of air 
detection is attached also to a filter and air accumulates more than fixed, a pump will be 
stopped promptly. The port of air extraction is established in the upper bed of the filter, a 
suction circuit is connected beforehand, and it usually intercepts. If air is detected by a bubble 
detection function or air accumulates in a filter, by automatic or manual operation, the 
interception to a suction circuit will be canceled and air will be removed outside a circuit. Also 
to a blood reservoir, an air extraction port is established in an upper bed, and it escapes from 
air if needed. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]The mimetic diagram showing the extracorporeal circulation equipment in the 
embodiment of this invention 

[Drawing 2]The mimetic diagram showing the hydrostatic pressure type capacity regulation 
blood reservoir in the embodiment of this invention 

[Drawing 3]The mimetic diagram showing the capacity adjustment (capacity regulation system) 
of various kinds of fluid (liquid) pressure type capacity regulation blood reservoirs in the 
embodiment of this invention 

[Drawing 4] The mimetic diagram showing the capacity adjustment (pump water pressure 
control mode) of various kinds of fluid (liquid) pressure type capacity regulation blood 
reservoirs in the embodiment of this invention 

[Drawing 5]The mimetic diagram showing various kinds of mechanical capacity regulation 
blood reservoirs in the embodiment of this invention 

[Drawing 8]T he mimetic diagram showing the outline of the separation type navigational panel 
in the embodiment of this invention 

[Drawing 7] The mimetic diagram showing the aeration arrester in the embodiment of this 
invention 

[Drawing 8]The mimetic diagram showing the extracorporeal circulation equipment of a 
conventional example 
[Explanations of letters or numerals] 

2 Blood removal pipe 

3 Blood reservoir 

4 Heating-cooling equipment 

5 Heat exchanger 

6 Main pump 
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7 Artificial lung 

8 The flow of the gas to an artificial lung 

9 Filter 

10 Blood transfusion pipe 

1 1 The flow of the blood in a circuit 

12 Piston 

13 Syringe 

14 Bellows 

15 Pusher plate 

16 Blood chamber 

17 Pressure control chamber 

18 Diaphragm 

19 Piston 

20 Syringe 

21 Bellows 

22 Pusher plate 

23 Roller pump 

24 Propeller pump 

25 The liquid-storage room for liquid sending 

26 Separation type navigational panel 

27 Transparent sheet 

30 The flow of blood 

31 Ultrasonic flowmeter probe 

32 Filter 

33 Optical sensor 

34 The port for discharging air 

35 Suction circuit 

36 Circuit breaker 

37 Circuit internal pressure measurement port 
38a Drive 

38b Motor for driving 

39 Controller 

40 Wiring 



[Translation done.] 
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Vfo &?JT77MZJ;K) ii^lf *>14 ~ 6 Ol * 
U if — ^ ^'cO±MfIJ t= cO^ISB £ tit M £ If ^ 3 — 8 CO 

[ it *n i o ] mmwmft&m* . sAawaRtt h 
tLfzBti^ >*rx*h&mim 2 izimnwvwmm.* 
mimi 1 ] ssm^yTcom 



JB2 . lojfciiii w^KfiHziiMmmymmm 

B. 

^*fl!«fc»-^SBijfliaii<o«v^t#*«imu, s©^ 

*\ t> L < «±Hffi 'J if-> s'w^S Sr Tif 4 ± 3 tMPf 
43IW»B2» ifctil 0 — 1 2<7)V»^ft3&HcfB«c7)^h 

■Tft¥a**t. SMSii frfew«tMffii^ffl<^ 

-li:Slf*iB2. ifcttl 0-1 3 cJO^-f *i*»tiB«<0* 
^hff^Bo 

[if^jf i 5 ] ftt^«aees«iaiiDii. iM>-ro 

fc =fc o Tif 3 If 1 4 tclBtgcO#:^h#^Bo 
[|f*iR 1 6 ] jft*#vr<0BMiaRtJWW»t=JSa3 

•itsittj;*). mm^x^Mzmm^^^^:^^ 
mmttzn^m 1-15 «v^^H;iaaw*^^ 

[11*31 17] JflLffi U ■9'-W)SJIt JWBW(cii«S 

^sifctio. mm^x^Mzmirm&^Lmmzft 

[|f*JS 1 8 ] 0»|*jtiM**i458RW 3 *>^< 

kfc. jta^yr. ffleLW—rf* Anw. axis? * 

flcWta»±TTaUK L^lf *Jf 1 - 1 7 CO 
[ 1 9 ] HH^SKAautiai $ titz zmMA z 

f: & , Wffico^Ji £{fT$yr co ggljffihco 3 
<fcfc-**tf'3*ak*llli.fcflWESl-18^-f 

[0001] 
[0002] 

[«*coS»i] ■ ±JL«co#WT1i. -i^Wfcit* 
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[0003] )ML*2(4. I^l^±TAi!flc^l>3i 

^e>ti&„ m& v <8 3 i± , jd«&5«^ ttsrr & 
t±a^^T v vfc^ . sweats 5 ajflLM u v—j wzmm 

4 J: 0 fttiftft 1 * U£iP $ *ut US* ( jilt 14*51* ) £ 

m. o ^imzmm. s^tv^m^u. ##f-fi h 
[0004] Mh«asis«oa#ii, -eo^^^gij^ 

AJtSrEBfCffiah.*. *?h«81«{^i«i. * 

*mi mmm&%e>& tisfc § a** ew^t a i i: «> ft 

4. ^W^J:, KJ«&&ffi£^#L£#J?'J&AM# 

[0005] xm. mmw%mmmn$:im 
izfem-t&tzMz, mmi&tz&^xizmi.mzmm 

M I C S (Minimally Invasive Cardiac Surgery ; ffifS 

»c>M¥tif) tmfti&, MicsTii. ffffl^a^^- 

[0006] 



jgsw s i fc t*>4 o 4fc, flasaK^MrafiTimt 
iznm-& . 

[00 07] <^r*Hfc ■ ■ *JtM£ 

w^mmz. mmnmxmm^mi^mb . mmt>w 
[ooos] <ffi«tttt>*?hffiiS^#;t^^sgiJ# 

ffl t l x , m&comi . AsLcommmmt^ izx&ni 

JUL JJOSEBWIfcli^WJfllJi^SE^Ee. ^N*aw=sr^« 

ffffltasi-rsfcft, ffiftatt^nii-c"^ smmus® 

WfiSit — ^r, M I C S&ifT'fflt^ftTV^flfc 
[00 09 ] <^tt>^*0#:^h«iS^a{4. 

[ooio] </j^b. ^i*tt^5iffi>fid*^^[-«ii 

^oT*^sj(i. «JS^^xAC0/J^ 

[0011] 

IBS LTJtiLfflES-^I^RRS^ 4 i 3 LfcfltfMBS 

flews fc Af5#«MSf*R*i ± wsji*«m-r S fcft 
cDftXtfmteztixmmmw^®.* n- LxM.m u <f~> ^ 

<nWt£fflm-hbb i>tz. ll*y7«Siait 
t fc 3SJHi«*a*IW« tT . EIBl*I«0<ffiS«JB*iS8if 
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mmm Ltzmti izmtx. m^nom mvmzmw-t 
[0013] £?z, ffiKtt, mmxyT^mmm 

[0014] Hfc, #?4 t<{4. Jfliauif— A* , jfliM 
Mb , ^OTJftJKafcBBtLTRJ-tfcJliaa^JllMS* 

-ecoMw^jt^^'^h^, fcficL^rv ^iist t & . mm. v 
&?Mj^&mitmim&k&&. i^t, ase*£ 

[0015] £*l£,fl)«fltfctJVvc, MBWJ^&tt, 

m-t&zoizffim-r&zk&is-tLw mtJ:^ s 

ifc, JdiiaSco4^55r< b i>-ffi£WM&(Dm 

mx-h h r ? 5 a fc i <o mm- zztmmLw 

ZcommzXtiii. ¥4 777AJIMSo(«ftt 
**ffl£fS*fc:fllJ£-efT3 £ t § fc b fcfc, JflliS 

[0016] st, »iL<(i BKfltefcwr, 

[ 0 0 1 7 ] *?4 L<I4, flSWKJR»i*D¥S*. 

fSSH£JB£8tfsr$- h i d fcHMW-* . jgtc, » 4 L < 
li, flHHflWtf!l#gb&*, Illlll*j3&»^>»4>*ut'r-^fc 

±#Uf , IttlllWfcJl^SrlWEj^A^fi £ t 2r|5&±T# , 
SMS: 3 1 S at* TfTlBffc&sSwa- < 5r 0 , 3c£tt^'S4 S . 



[0018]®:, #4 t<ti. $iM#g«. ffiWKIB 
[0019] St, #4L<I1 iSKiiafS*^ 

flmtcw t x tssiws* tzimmb^hmm^Tr, 

>&\ t L < (±Jto^ U if — > <co^ £ ±sf h W/&X3?% < 
[00 20] JEte, *?4 L<«i:. tfnM#y7°<7)\B\m.m$: 

rnmmzmm^^ ^bizx<o. mmyx-rMz^m^ 

[00 2 1 llgt. »4t<«. HIRrtfciHISnSS 

[0022] mz. ffjKti ms&^atAastiiss 

«3fei!«Sr<f:t>-J6r*ff3¥at*«i.4. filCi 

t, S^tt^r«4^ 0 
[0023] 

[wmmmmmi ixr. *%m<nmmcowmiz^ 

mm&mnLx9m*$mtz>. muz, 
— m^mmi/zmf^mmwm^-to msco 

[0024] HML f S2^^msSlL f S 1 0 tX'CDlMiS&Wz 

t LT , 7^;i-^9. ^-f^y76. AIB7, jftjK 

ijHf-y\'3^iBasn., -e*t^>**jB!wa^f-A— TTie 
m$tix\^&, jfiL^Uif— '<3. y#yy°6izi±% 

tiz'fi. iEtjj^g3 8 a , 3 8b mmt> 
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tt4. x-f 9±«ra<ojd«ia»tf>-«£S 
t/jH^aaara-y 0-731 § n.T ^ s . 3 9 « 

X -f ^76, IHJ»rt£Ea£!K— b 3 7 . $5 itfiB* 
S^AffTa-7'3 It. KtR4 Otei OSSRSfrO* 
£ . l l i±IDKrt(^jlliii<08Ch.t^. 
[0025] ujyf-y^ii, JGHi-f s^asrigaw 

[0026] ayfo-739!i HIif#l*)J±f JJJg^— b 

t #3 4 1 1 \tf s ffifflo^fr Ci-^t (iHS&C* o X i 
i^. 3^ba-?3 9tJ:5Mi^ @Kp*jEE 
M&K-b 3 7*j J:WHff»a«th7'n-7'3 1 <0ffi7J 

-5 3 9 Sr#K)T-«ff-r^ffi)^T"ft-oT t , A$'J -f- 

^3*««£*il»#«t^rt-4 i t i>z i. v) , **&«e>«MII 
coa^gfrfrf 4# j&>6 Xfo $ . £LL<0S*tf> 3 

[0027] <jit»yir— A3&£tffc*^juwes 

<XTl?ft-riJ<JtJSai 6t. iMMl 6C0F*ll«£lfil 
tTTS fcftOffiHIBS 1 7 t £|f £ S116, 17 

btlX^h. 3a, 3bi±0»i:Sg|W*fe*«OSNi 

3di ep^i 7 t^insffsa (n^-thn 
t zmmtt tz*bcr>W:%jmxfo& «, h 2 wiia^ lt c ■> 

£flMii«fciiw»rt6-e& s . *wmz& nhsm. 0 -f- 

A3, £^t/fc^co§MfTO§§«t LTi4, 81*3:^!® 
co *> <n £ m ^ •§» Z t wx % h . * ix 6 * 4MB L 5r# t ft 

[0028] HR«(c*JMHBg»tca»ii**i.*ilJBE 



[00 29] »— «SSE#cJESti3V^T{4. H 2 tc^jcf i 

3 tc, M&*®tr&skffim let. m&Mco^h L< 
ElffllffSl 7t0-oc0gpJS^«-ri» 0 JtSSMl 6 {4, 

1 7 coffin ja^ai 6ot;ttgp^^^t-rjfii?sai 6 

tzKWZti. Mil 6<0W*#'lflSfr;S:fx£ 0 H2{4il 

#ME*<?5+Tfe. ^m^hhmm. (^775^) i 

8 $r*-TS JflL?S 'J "!f-^'Sr^-r» 
[00 30] ffi«jBE*t4fil*T*>JS«rct> J: W M*i4 

I. i t J4£ l ^COTMW LT V vfci ->#^r 4 7KT" t i V \ E 
*S *S Jfll?K U ■9*-.' ^'^iPlff^afi . jta^tffl^a 
T t J: v ffi^-iX^i*^r( ± ^ a^h 

[0031] A*uirw'cat«««3aii4)«wa:ffi*ift 
(4 . iEoiflSpnrftg^ 3 v 7i/ <•/ -9-- ^ffl i ^ <r 1 1 nrSB 

»B»S**a£ LT L4 ( ^iffiSTVS ) k . 

SP7JS) 3&«*ft. 

[0032] mmmm-jj^z^. H3 «t a ^wji 
co^s^ffl^s-t^'T-ts. is)H ( a ) immtmco 

b°Xhy 1 9im^XMfe-t&%iSi^'t„ t° 
x h y l 9 cofiiBt i D»^ix.g.J±7J*- i \ ffiRff 1 9 

(c). ( d) II y'J^^ ^n- 

72 1, T-y >"v-7V-h 2 2 KJ: 0 iH«B £tl&. 

( a ) fcB«t. m«2 0 a, 2 1a, 2 2a 

Sr^-tTJEillSffMl 7t:SSR$nS,, b°7 b y 1 9 , y 
'jyy'2 0, ^o-72 1, 77^-7)/-N2 2 
(4. ^-^^tiOBHftSfLi. 

[00 3 3] *yrM£SWtte3!C , rtt. J±IH©^<7)®* 
(4, jflLiSU ^w«gJIU«S6KHi^a&I?y7SfflV^ 

llts^ni, . ffflv ^ 4 #yy°i±mffi*sm% h<r>^^ 

fi[X%m.WiX%h* &tbt>tl&ftffik LTi4, ^STIf 

ft#:B^^{4. m'ktfyy\ M^yy\ WH#> 
y°, ^Mt°yy\ ^Tt°yy°, u—^—^yy^b'tp^ 
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4(a). ( b ) y^ft^'f-u n-5-!Kyr2 3 , n 

[0034] m-commfttLxiz. Hsts^-id* 
iMfflv^^tms. jfiL^y-r-;^ 

(a) (1 h^>yi2 Sffl^VfeW?»4. 1 2 

c ii. ex b y 1 2 «offiifc i 0 ^i^'^^f? t 3r 
So 12a, 1 2 b (±ni» t sat*- S ttocoftift* 

* . mm < b ) , ( c ), ( d) is, s^y 

Vi^l 3. <cr— XI 4, 77^- :7V— b 1 5t,z£ 

[0035] 35— «O*tt^iJIC:^#ffi*0>Wtfc:*i 
WC. jfc«»3J#Rfc^ t»tfett£?5ftS£ft. JflLSE^ 

S#£K«:^]il«£«3'rlM >^MIK^3r< , fan 

JBS^jjtA^/hiE^tfcJ:** 1 . j£A-C2b*tff 1 0 Oral 
—4 0 0 Oiii-C'llWit&srt^ii U\ 

[0036] jtisatfDSt**«Kfi-^-*aE*«iai^awii 
mmmx-mm lx hmmcnm-*^mmx^ s . smjs 

[0037] #3&HJ§lc£tf£]ftMy^-;^ fffSSBlfs 

ja^afe; fc awe* h . 

b £fflv ^BMzft >J If— ATfi, 7° -y 
-TU-h SrMSS>!> V ^iJ&Sl-tS i t fc J: "5 , JflL?StA 

^•c{±**^m. *&ai*fiirffiTfcs. jnafeWfcRRje 



^mibhtzmzh^w^mxhh . 

[0038] <*4 >7F>y°6>mz. *A >tf>y°6 
« lifflv vfc ft , jMJ&HfclfiLfc^ S>:fL2r^ £ i: *** 4 . 

[0039] -JKSUic. S^^rtJd^Bmk^lsSW 
>f y!Ky7ti»yr^iv\ t^tjiii^y^-^' 

^-rs^^ m^mMth^^ y^yrcrmmt lx 
a. m^m^txi>^k.^mm^m^.^-t. mm 

[0040] <rjyhn-53 9 . fcJ:«W 

*«>ijcfc: . ^wmmvmmmmzii tt s n > bo- 

[004 1 ] ffilcOS"ffi{4. ffit±&(Rf»ft#«ia}k^ 

r<omagt*Ttf**»s t L<t±jfii^yif-^*^»$- 
xim b ^ if irje v ^je«a tft->-c^. l . 

E^fh (fflatiHI^WSflliOift*:) «ii7c. EJHM 
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zmm-zEmfex- b 3 7 y^rx-mm t . **i 

l:J:-5 T»6*ifcflW8*W»*glTft 4 3 > h a- 7 3 

sKy 7° 6 J: V/ 4 fcttJtoJK U IF-; * * DStrT ft . 
[0042] JB2tf>3rffii4. »SXSREtf>fHKIKfMI£ia 

t> L < t±Jd?R 'J -f-; n'co^M * T(f ft M lllffiTft £ . ft 
ffiPMMffii, *4a*<0lWEI**Kr&» i Srv^ - l 0 

OmmHgSrTHIftid&PfEU:. *4 yitfS'Ttf)** 

14. 0»!OiBAaiJEEttf«H-4feft» EI 1 ^Srf E-trV 

J±«««^ffl^lS5E^S#S^ffl^ Sit jSG&B-C* 
ft. 

< i4*^ L . ffms t L < iimwWMfr 

wmmmx'hh . zmmxmaxm 1 so^isi: t 

5r#5. jM^yr^MLT^ftlgiMgfi 

( ) (Dmmm^rmm^mi x&% t> 

[0044]S4^ffiil agt^ft^#:^l)IlRE^ 

t < (4 if & *jMR£«[*Ti3ruf . #>y°mmm 
* wft *\ *> l < itsssm y if-^"^*^±tf ft nm 

5S-C^ft 0 t£jE^ft»MJ±^#»»^Mf4. £#: 

■r, v^&ft wet pi tfcfcss&r* ; t «4#^ 

wmmmmfA&m ft z. t i±^imx$> o . 

raRi: jtau -r-v^»co t* *> & * LTtroir-ft^ 
t±»fcRses<i^, t* *> 6 «> »rirc& ft . 

[0045] -^>cD#f4 LuMt LT. dfyrHiaR 
tf>SS_tHHI (ArpmtEt) fcRSSU Arpm£ 
«xft Sttt, JtJSU-r-^^iSrft^LT^MSii-^ 
LftAt-f-ft^jft (^/WBtlflL) T"$iJ«L. jfcftSE*£J|| 
JnS*4fcibfc:A r pmfcjMiSiBRi&^tflfcr. HUE 



sa*** <b #ift . 4 . *?hfin+(4#raij^ja.*is;5i 
m^is-^- 1> sfisrc* o . jaija-ej^B^n t %-ft . 
iS4 ^a^*^. friWR^isfciftftft«®KS8«i*a 

LTJ4. ^#=(7)tDME^#;^«ISMS»^ftfiJ 

•cs*to=5r6tr, wtRBSS^-r. MLWtiB.ffi.mmz 

ft. 

[0046] <®i&i> iv>'^T-AtfXi3iMi:>iiBsiir 
»^t. ^ J .-r^ffi^s<^-ftit^i i 9. mmm 

#f?(c «t ft ffMW%4i$:ffl^ , BSJfllOjMS £ ^cBfcfi 
TSlirft.I.ttiO. <£ff Bttt^T* ft . 4fc, 4^ 

o^ft. $<i>t;. »JtU^-CEI8&l*l<03E«t>af4-fr 
T^Wf. S^^ffiMWWil^KiST'ift. 4fc, ^ 
«0**WB3BHB4*fflTft 0 . J£l *«[«-rft 

[0047] <fe»fe £ t^s»#jpga>iiBm i »p$w^' 
ipp^sr i: <o#flfiffi* ^rrft mmx-te . je»siE* w-r ft 

fcv^Tt. JfiiitsiVJHKiSfWiPnBfci-ftikJi, ffi 
Jd^" ft fc J4?^w J:d^kt0^ 1 #i.^aftemit3. 
flS^^Sii-ft*ffiT*fto m2t. JlilJg'Jif-^'fOS 

fcft. ^1 £^2cO^-ffi^ftffl^ft-£i^-C'* , 3. 
[0048] <*Ml^^I>[5lff§£7)JlllMSMffltKJflL^ 

JfiLYSt U ■•f-^'^fflv -ift tztb . KJfllfttt3!Qa £ ffl 4 -3 T . 

i o ^^su«@si-c^)*j«Ra**isrfg t * ft . 

■¥LT. SttftaifflWBI* 4 0 0 »J3Lhfc«o t ; ft 

^,2 00 f^*>6 2 5 0 gfT-atenrflgfc-rft . ^<J0«S 

«®T£r t* . *?W*S^aof£fIffltt^ BJft ft fctf>fc* 
^T-fcft. 

[0049] <4Ht*fJW^^^>Bl6 Iz-MZ^-f X 
0 ^»»^ISa^t^^«^fI^^VU 2 6 ^ffiffl 
L, fWt^^S^^WBA^-BI^ii-f-ft. £*it£ 
J: 0. #B'J^#=W*SfI##^fS^ft^«^4>^<^ 
0. AW»^fl;fco5r3&i*. 4MH^0if^^Wi, 
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IBk*4. JWfcW3r$J£^{4\ *WMHIW)EafciW» 
{^tMGP IBtTCP/I PcOffi^^^i: ) 

[oo5i] <0»rtssta7Jt{fjfcaa>i3»rt^ffi 

4 . HI IiZttcTX 3 fc, KWaBttftoTn— 7 3 1 2r 

[00 52JI2C, EUSSWdUte? 4 tU9 3 2 £§£S 
■f4. 7-f;^3 2ttHIIfW)«>-9i:t)BEV^i:i*fcBW 

Lfci-SK, 7 '3 2 (caSlfcflWfi'* htdsbV)^ 

3 4*rku sif-b3 4*«giia»3 5t=iaw4. 

imz <D#- N34 (4MWtff 3 6 £ i 0 jfflT^ilT V > 

a^fc-fr 4 £ i: imffiTfo 0 . 4 . 5rfcH 7 (c 

tiff* 3 Ot±m»W>aDh.*33r$-. 
[00 53] <«3zm«fcOjH»>*JWBISIItttt, 

aub. ^yvm^dxtyh, *9&mzt5^x. zti 
p> <?mw. t <mm £ m& z. t ixmsx-h 4 . 

[00 54] (J D JiffcW^MI^ffM ) ETFfc, 

wcow\-w%mwzm\<^^ffic7)--Mb lxm i c st 
[00 5 5] <Mmmgs<7)mf&>®t&(?>±m ( m 



<£H) *»6TSE (jliflimi) tefa^T. 

mizmizm.ft.iLX ^ttx^h tmmx-hh* z\k^±. 

■imZtLXm&Zii&c\ttf1fr£L<. ayjsthTfo 

hzttmtix , ^fficomffiffimizmmt 
mx'$><o^mx$>&, Mffiffimizmmx-znu. mm® 
*?mmm t mm-t %> tz * - y * s t» tea < -c # . 

£ftf3**aai * § ^ ^=5: < f & 4 . 7 4 )V 9 M » ^ 

[00 56] ^"yrti^-^'^yr^Ti Lv^\ /h 
■Wifeft^*— ^tt - ffiikmxmrn^mxfotLifMW 
yytrnt? j xtf-^wtcwmLxtetiix, § ttc 

seflsiosa^j:^. jfli?syif-^'i4. jejusn^ji 

[00 57] «1«(4T>y^^— TP— h£ffl^S. JM 

n— 5*»^>*S. T>y v-^r— 7°P— Ni4. JMMU^— y^ 

JfllS U If— A£RB LfcJW 1 , T -y yt-71/- h ts&> 
^> JDM*^— t =3r "3 if 4 L V* . 7yt-71/-bfit 
b - ^ - & A . jft#<^cii & 4 #S 

JSfe*(m<«r 6*1 t4 6Ei§Bf D£± 1 4 
[00 58] ?SJEit£i5^T(4, jSH^StfflttCOT'^X^- 

nts, i«Kf-A-^i4iiSfflffl<^i* (*at* 

fafo&WZmj}fat,z®$£%i£&Z\biz£r) , EHtSS» 
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-rs . ei i t-^-r =t 3 c stAaufctt@»rtffi8iSjK- 

[0059] ff^eis^tcffiniiE&^s^fliffi^ 
-ffinrr ■§»„ jkxtwe— *o hues* t jftffi y *<ose 

el »s^2f-^^«tct,KKifrarc££^ fronts 

* I. fc«>fc:ti . jdia 'j «, -o 1 & rat isa 
[0060] mimmmwzmm ■ mm-t&tztbwy 

lift*) . ttMi&mft^*jvt<Dnm. amntosmn 
na m^mm) , ^^«^®^ 

c9A£il*tiflgi*3&T i &&, iHlnyba-^ti. S'.X-r 
[006 1 ] <#Wjc?)-tr >yf >y>*?8%CDWtt-fflm 

mw^mm-^y ^>y\ ktm. mmw- 



[00 62 ] <#^Wfc>^WiO*JWWieillSffl 

i c sTcommft^ffico^mz-Mb uw 

AMjff«£ftaW-|> . AMt&M(.cMJH«^ . AMf?M 
If MtcfiffMlfll^^ff A^-S . ±Aff M t TAff MO* 
ybfcti. Z0)?——'!rv hit. tHR^Kk£E(c^i9fi 

44^ ffl^ eoOTf A t tt*Traff <nmf ^=5: 

v\ i^AiJjM&MffiHffiaAfflo^- a 5 stairr 

S„ ^ak&<0»TL!t#MMHlll3»f:, A 

#(CJK 0 ft ft^^iUjflif J: v«!iiii*t«arrs . HI 

[00 63] #:^WiJSJ±S*W^@|fjaiE^trS 0 
[0064] ±TAff IRSrifiif L . • ^-SfHW) 

n, t> l < {ttwmizx oflw^fcM* . 

f*, 't*rt«S»*-H«i!*L. ±^A»MiIWSj|?l^ 

[oo65] <mmA^&kttm>wmm)im* 
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[0066] 4fc, SttAfinilBrtJEBWi^arftEfcirfe 

u ffjUiLSrv*. ^^r<7)f?jh<i, aaeeBfSrS"*-*- 
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